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NPIC/TDS/D-935-67
13 July 1967

MEMORANDUM FOR: Chief, Exploitation Systems Branch, DS

STAT . ATTENTION | |
SUBJECT :  Advanced Rear Projection Viewer Project
#02157)
REFERENCE : RADC Report of NOD-100 Viewer Test, dated 26 June 1967
k4

1. Reference report was delivered to[:::::::::}who brought it to

me for info. I have reviewed it and am generally impressed,
5
“’é. I suggest the report will be of considerable value to you for
guiding monitors' attention in directing‘ ‘pursuit of the viewer,
I think it will also provide some help in refining our -development object-
ives and evaluation procedures for this type of equipment. In that regard,
STAT T suggest you advise| of the availability and applicability
of this report.

3; As a final wrap-up I'd appreciate your arranging for a feed-back
comment to RADC in cooperation with[:::::::%::‘when you've had a chance
to evaluate the report--say by the middle of August.

Deputy Chief, Development Staff, TDS

Attachment: (1)
Reference RADC report

Distribution:
Original - Addressee
1 - NPIC/TDS/EPS
2 - NPIC/TS/DS (1 - Chief, SSB)

STAT NPIC/TDS/D (13 Jul 67)
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NN

STAT

Ref: YT70LO-6T7-762/EMC 1ka.

20 November 1967

Naval Reconnaissance & Technical Support Center
4301 Suitland Rosd
Suitland, Maryland 20390

STAT

Head ~ Target Division

Gentlemen:

Enclosed is a data sheet describing our Model 100 Rear Projection
Viewer which you requested through the reader service of OPTICAL
SPECTRA.

If you requlre anv further information, please write or call me at

STAT

Thank you feor your interest in our equipment.

Yours very truly,

STAT

Enclosure

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031-7
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In photo interpretation, the big picture can be deceiving. It's the details that allow
decisions to be made quickly and confidently.

Magnification of images is an aid in evaluation, but the problem up tc now has
been a means to keep images in focus during enlargement, to keep them from
blurring or losing detail because of step over-magnification.

STAT Now, offers its Model 100 rear projection screening viewer
which allows operators to analyze any part of any frame up tc¢ 70 times its normal
size — through continuously variable magnification. This allows the magnification
to be stopped at any place within the 3 to 70 times range so that fiim images
can be studied in precise focus.

Zoom in on a target with the Model 100 and you see the little picture— the whole
picture —in detail unsurpassed for accuracy. Make your decisions in confidence.
knowing you have viewed complex film footage in minute cetail.

CRIPTION
The Mode! 100 is a complete viewing system, which includes moving part. This eliminates the deterioration of parts due
many features that make it foremost for accurate and to wear —a drawback of conventional mechanically com-
detailed imagery interpretation. pensated zoom systems.
The rear projection viewer is controlled by an operator Images can be magnified from 3 to 70 times their normal
seated at a desk-type console to view film on a 30 x 30 inch size, and remain in focus throughout the zooming process.
screen. The non-reflective screen provides clear views of The Model 100 is all metal and has a light and dust free
the projection from any angle, allowing several observers housing for the illumination and optical system.
to witness the action. The viewing screen and control panel swirg out for easy
The operator, using a control stick, can: (1) translate the access for film changing and maintenance.
image on the screen for both vertical and horizontal view- A separate unit contains the air-cooling equipment. Inter-
ing; (2) control the speed of the film; (3) scan film frames connecting electrical cabling and flexible air ducts are
across the width, as well as the length; (4} change the provided between the unit and viewer.
focus of the image; (5) select any magnification desired; The Model 100 is desi ;

- i gned to operate in an STAT

and (6) rotate the image 360 degrees. office environment and will meet performance requirements

STAT

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031-7

Included in the Mode! 100 is ag zoom lens, a
completely optically compensated system with only one

in ambient temperatures ranging from 55 degrees to 90
degrees Fahrenheit.



Ui\SUr’Pﬁ SbLD FEATURES

1lm frames can be scanned in any de51red direction
Continuously varlable magmﬁcatlon from 3 to 70X ‘
Accommodates film widths betwee!n 70 mm to 9.5 mches w1thput spacers o

143 A b S
:

Front film loading at convenient helght
Film loadmg time measured in seconds -

Zoom system with only one moving part. No deterioration due to mechamcal wear as
common in other magnification systems

Y

o e LA N T e

- Film gate opening variable from clamped to full open pxoportlonal to ﬁlm s&:eedf —
++-AND DOZENS MORE T Y B ——

ACCURATE. ..

e control stick movable for right/left handed operators e filin footage
countcr e storage bin for reference material o adjustable focus o large,
sturdy workshelf o 30 x 30 inch screcen e viewing screen situate:]l for opti
mum operator comfort e either reel can be supply or take-up e ontinuous
variable illumination e zoom condenser provides even screen illumination
e counterbalanced mirror swings up for cleaning and access to platens
» most frequently used controls located in and around control stick.

SURE, FAST,

EASE OF MAINTENANCE. ..
o modularized circuitry to allow replacement by individual function e side
panels quickly removed or replaced o rigid frame to maintain critical align-
ments e lamp adjustments while lamp is burning s platens removed casily
for cleaning e interior light turns on when door is opened.

BUILT-IN SAFETY ...

¢ cfficient cooling system maintains filin gate temperature below 100 de
grees 1Y e fail safe transport prevents running of imnproperly loaded film o
thermal protection in lamp housing e threc-point mirror supports {for strain-
frec mounting e circuit breaker on front pancl to protect system « precision
film tension control under both static and dynamic conditions » interlock
and positive disconnect of lamp terminals when lump compartraent open.

FAST, SIMPLE FILM LOADING...
e simple film path with no leader or threading devices o autcmatic film
transport positioning for loading e automatic film rewind with «top before
film leaves take-up spool e film drive motors reversible individually for
cmulsion in or out winding.
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SPECIFICATIONS

FILM ACCOMMODATED. ... . ... .. ... Roll film, all widths 70 mm to 9.5 inch thin and stan-
dard base; black and white or color transparencies;
infrared or radar negatives

FILM CAPACITY . .. Maximum 1000-foot spools — AF Standard 51C17848

MAGNIFICATION. ... ... 3x to 70x continuously variable

RESOLUTION .. 8 lines at 3x With high contrast
6 lines at 70x resolution target

FOCUS. e Automatic throughout magnification range. Manual
override.

IMAGE ROTATION. ... ... . +180 degrees continuous

SCREEN BRIGHTNESS................ . ... ... 20 foot-lamberts at 70x with 1.5 ND film

ILLUMINATION UNIFORMITY ... . Less than 30 percent falloff, except at extreme corners
at 3x to 3.7x

SCREEN SIZE.. ... . . 30 x 30 inches

____________________________________________ Any point on 9.5-inch film can be brought to screen
center at all powers

FILM SPEEDS (Forward or Reverse)

HIGH RANGE (Slew) ... 5 to 50 in/sec parallel to film ,
0.01 to 3.3 in/sec transverse to film
LOW RANGE (Scan).._...................... 0.01 to 2.0 in/sec parallel or transverse
VIEWER DIMENSIONS ... . ... ... ... Height 78 in; depth 85 in; width 36 in
VIEWER WEIGHT. ... ... 1500 pounds
COOLING MODULE. ... ... Height 18 in; depth 22 in; width 20 in
COOLING MODULE WEIGHT........ ... ... .. 60 pounds
POWER REQUIREMENTS. ... .. ... ... 3.5 KVA, 115V, 60-cycle, single phase

height 78 in

width 36 in depth 85 in

STAT }— where optical skills are combined with mechanical and
electronic capabilities to solve the complex problems of photogrammetry.
The Model 100 is an example of just one of viewing systems. Let our long STAT
experience in this field go to work. Skilled engineers and technicians will find the solution
— a reliable, accurate and economical system.

STAT
FOR INFORMATION REGARDING OPTICAL SYSTEMS CONTACT:

PUB. No. 117-2.47 PRINTED IN USA
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April 20, 1967

Dear Jim:

George relayed your request for information on rear projection
screen dynamic scanning. Unfortunately, we never did follow
through on the very preliminary work I did.

The data I obtained was of a very high magnification and there-
fore not truly representative of normal screen viewing., The
microscope through which the photo was taken is 38X. The image
of the resolution chart is several hundred power, With above
setup an orbital diameter of ,040 inch and 40 cps worked very
well. See attached figures 2 and 3,

Yours for more humanized factors,

Sincerely,

Vi

Enc.

STAT
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Figure 2. PROJECTED IMAGE ON STATIONARY REAR-PROJECTION SCREEN
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Figure 3. PROJECTED IMAGE ON DYNAMICALLY SCANNED REAR-PROJECTICN SCREEN
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Rapid Acquisition of Radar Targets

from Moving and Static Displéys

CHARLES W. SIMON, derospace Group, Hughes Aircraft Company, Culver City, California*

Aerial-reconnaissance radar imagery can be presented to an observer for near-real time interpre-
tation in two ways: as a continuously moving display or in discrete, static steps. Both were
studied in a laboratory experiment designed to determine their cffect on the probability and
speed of target acquisition. -The results indicated: (1) no significant differences in the number
of real or false targets acquired, (2) significantly less time required to find a target on the
moving display, and (3) the time difference incrcased as targets became more difficult to
recognize and as the available observation time increased. The relevance of this study for
equipment design considerations and the generality of the results to other near-real-time recon-
naissance missions are discussed. 1t is concluded that even among a wide variety of conditions
) not included in this study, where targets are of simple, well-defined patterns capable of recogni-
! tion with little study, the moving presentation mode—in balance—will result in better target

.

acquisition performance.

INTRODUCTION AND SUMMARY

In recent years, there has been a growing
emphasis on rapid target acquisition in military
surveillance and reconnaissance systems. With
the development of mobile, high-kill weapons,

the importance of finding a target and destroy-

ing it within minutes has increased.

In airborne and spaceborne systems in which
in-flight interpretation is required, pictorial
sensor imagery is presented to the observer on
a display. This imagery, collected at a rate
proportional to vehicular velocity, can be pre-
sented to the observer in two ways:

1. it may be moved continuously across the
display, or

was presented to the subject on a rear-projec-
tion viewer, being moved continuously across
the display during one half of the study and
being presented in a series of discrete, static
steps during the other half. Different observers
viewed the imagery on different size displays
(i.e., 6-inch and 12-inch square) for different

observation times (i.e., 10, 20 or 40 seconds).

Analysis of the data indicated that:

1. Although more targets were found with
the larger display, the smaller ground coverage,
and the longer observation time, there were
no significant differences in the number of real
(or false) targets acquired from a moving or a
static display.

2. The time required to find a target from

o . )
% 2. it may be presented in a series of dis- the time it appeared on the display was sig- :
! crete, static steps. nificantly longer with the static display than 3
{ The present study was designed to answer - with the moving display. :
. the question: When in-flight pictorial inter- 3. This difference in acquisition time favor- . -
: pretation must be made in near-real time, how ing the moving display increased as the ob- .
- ; does the mode of presentation affect the spced  servation time increased or as the targets be- g
i and probability of target acquisition?. came more difficult to find because of varying . )
NS E : '1jwe1v.e observers were selected f.rom Hugl_les' display and image factors. ) ﬂj/.
is | engineering personncl® on the basis of prelim- S Lot System Development Corporation, s ,'/’ ol '
ad | .inary target acquisition tcsts and their per- . santa Monica, California. — &rcﬂ o LR Z g SRSV
' formance during an extensive training period. * A number of experimental studies have failed ' ‘
| These observers were asked to find military to establish differences in the performance of ex-
; type térgcts in high-resolution, side-looking perienced imagery interpreters and specially tra_nged
: radar imagery representing terrain strips' nine p;’rsonﬁﬂ the; the task involves the fecognmon
, . ) ! | of well-defined targets (Rhodes, 1964; Nygaard,
i and ecighteen miles wide. The same imagery  Slocum, Thomas, ef al., 1964).
-8 . ) .
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4. The times required for an observer to
find targets were significantly more variable
with the static display than with the moving
display,

It should be emphasized that the task was
one of acquiring targets of simple, well-defined

. patterns which were genecrally recognizable

with few fixations.

PRE?ARATION OF THE IMAGERY

Two film strips of side-looking, high resolu-
tion radar imagery were used in this study.
Backgrounds for the strips were chosen from
copies of available APS 73 side-looking, high
resolution radar imagery. Preparation of these
strips was accomplished in the manner de-
scribed below. '

Background. From imagery covering a
ground path 18 miles wide, five frames, each
18 miles square, were selected. These frames
were duplicated either three or four times to
be arranged in a single strip of 18 background
frames, representing a terrain path 18 miles
wide and 324 miles long.

Target Embedding, Thirty targets were ar-
tificially embedded into the 18-frame back-

/>\ 200'

3700,

TRIANGULAR AIRFIELD
(8)

000 . 0 O 300
00000 FO/O/

000 zzjojo'o .
I ' o 0

NINE TANK FARM EIGHT TANK FARM
. @ (3}

X-AIRFIELD ¢
(3)

Fig. 1.

HUMAN FACTORS

ground strip; no embedding cues were detect-
able. Each frame contained from zero to two
targets of the eight basic patterns shown in
Figure 1.

Frame Sequence. The individual back-
ground frames with targets were then as-
sembled into an 18-frame strip. Backgrounds
with the more-difficult-to-find-targets (estab-
lished in a preliminary study) were located in
the center of the strip with casier-to-find-com-
binations at either end. Frames having the
same background were not placed adjacent to
each other except in one instance in which the
second frame was rotated 90°, '

Preparation of the Second Strip.
tion of the second strip was accomplished by
taking one half of the original film and en-
larging it to twice the size. Thus, while the
9-mile strip covered only half the ground area
of the 18-mile strip, it was the same film width
and twice as long. Some variation in the rela-
tive position of the frames in the magnificd
version was necessary in order to have all the
targets appear in the half width used. Be-
cause four. steps were required to prepare the
final film positive from the original, there was
some loss in resolution and a slight increase in
contrast. '

S

. A-AIRr-;lELD SINGLE STRIP AIRFIELD
3

WITH TAXI-WAY
2)

300'

g .

FIVE TANK FARM FOOTBALL STADIUM
(] . {8)

Target patterns. Numbers in parentheses indicate the number of times out of 30 this identical

target pattern occurred in the 324-mile film strip. Numbers in drawings indicate size of target dimen-
sions in. feet on the ground as measured from the original transparency, -

Prepara- |
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CiiARLES W. SIMON

Representative drawings of both film strips
are shown in Figures 2 and 3. Artist's sketches
rather than photographic reproductions are
used for the illustrations in order that this re-

port could be unclassified. The actual APS-73

radar imagery is Confidential.

PARAMETER VARIATIONS

Five parameters were systematically varied
in this expcriment. These were:

1. Presentation mode: Moving or Static

2. Observation time: 10, 20 or 40 seconds

3. Display size: 6 x 6 or 12 x 12 inches

June, 1965—187

4, Ground coverage: 9 x 9 or 18 x 18
nautical miles
5. Target perceptual characteristics: Four
groups
By using a Hughes Dynamic Imagery Viewer
(1963) to present the imagery to the observers,
presentation mode, observation time, and dis-
play size could be varicd. Ground coverage

was varied by using a different film strip, and

the targets within the film strip provided the
variations required for the different target
characteristics groups.

Presentation Mode. The imagery could be
presented either in a continuously moving
mode or in a series of discrete, static steps.

. QT <
o&: Y >\

3% 2 4

8835 'P

<
e~ NN
-A OJ’DG - ° N)
%0 | °
5 2 3

#® ° |
» ol L o I
~ \
3 3 4 2 5. )

*NUMBERS IDENTIFY BACKGROUNDS.

Fig. 2. Pictan’dl representation of 18-mile wide film Strip.

!
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In the moving presentation mode, the imagery
was moved steadily across the display in cither
dircction, This mode simulates the ncar-real
time situation in which a reconnaissance
vchicle flies above the terrain at a designated
ratc while the sensor supplies a continuous
radar map to the obscrver via the display.

In the static presentation mode, the same
imagery was prescnted to the observer in suc-
cessive static steps, onc frame at a time. The
image remained fixed on the screen for the
amount of time required for the same area to
move across the screen in the moving presenta-
tion mode. Between static presentations, while
the imagery was changing to a new frame, a
translucent screen moved between the projector
and the screen to blur the image without re-
ducing the screen brightness to zero. Blurring
the image while changing framecs prevented

- the observer from detecting targets during this

interval and kept the total observation time
cquivalent in the two modes. The static mode
simulated a near-real time situation in which
the information from the sensor is stored until
a complete frame has accumulated and is then
presented statically to the observer while the
next frame is being stored.

Display Size. Both a 6-inch and a 12-inch
square display were used in the studies. The

TabLE 1
Perceptual characteristics of targets.

June, 1965—189

image was rear-projected onto a polacoat
screcen masked to one of the two display sizes.
The screen was adjustable so that the entire
image filled cither display; thus, the scale factor
on the 12-inch display was twice that for the
same imagery on the 6-inch display while
ground coverage remained constant. Average
screen brightness was adjusted so that it re-
mained constant for either display.

Observation Time, QObservation time peri-
ods were limited to 10, 20, or 40 scconds, For
the moving presentation mode, these were the
times it took an object to appear on one cdge
of the display, move across to the other cdge
and disappear.  For the static presentation
mode, these were the periods of time during
which a single frame was exposed.

Ground Coverage. The ground area cov-
ered by the radar imagery on the display was
either 18 or 9 miles square. For a fixed display
size, changing ground coverage from 18 to 9
miles square is equivalent to doubling the scale
factor while holding display size constant.

Target Characteristics. The eight target
types were divided into four groups with sim-
ilar perceptual characteristics. This grouping
served two purposes: (1).to combine enough
data for meaningful analysis, and (2) to allow
for broader generalizations than would be

TARGET GROUPS

3 -
PERCEPTUAL CHARACTERISTICS 3 ¢
Trtangular Other Stadium ' Tank
Airfield Airfields Far.ns
(Average) (Average)
a < o] o
S Length of Longest Dimension* 3700 ft. 4320 ft. 1080 ft. 1380 ft.
ize
Width of Smallest Dimension* 180 ft. 130 ft. 300 ft. 300 ft.
] Brightness Contrast High Low High Medium
Distinctive-
ness Target and Background Low High High Medium

Pattern Similarity

*Dimensions expressed in feet on the ground.

8000 feet on the ground equal approximately one inch on a 12-inch square display for the 18-mile imagery.

Atla viewing distance of 12 inches, an inch subtends approximately a 5-degree visual angle from, the eye. At a
viewing distance of 18 inches, the visual angle is approximately 3 degrees.

These relationships are double for the 9-mile imagery and halved for the 6-inch square display.

o e
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possible if results were expressed in terms of
target class or the specific target patterns used
in this study.
This classification of targets by perceptual
characteristics is shown in Table 1.
Relationships Among Variables. Combina-
tions of scveral variables in this expecriment

. can be identified by other familiar classifica-

tions (Table 2). For example, combinations
of observation time and ground coverage can
be identified with real world vehicular rates
over the terrain (Tabie 2A). Observation time
can also be expressed in terms of apparent
movement rates, that is, in terms of inches of
movement per second when display size is
taken into consideration (Table 2B), or in
terms of degrees of movement per second
when viewing distance is taken into considera-
tion (Table 2D). Similarly, various combina-
tions of display size and ground coverage re-
sult in -different image scale factor values
(Table 2C).

It should be noted that while the observation
times expressed in Mach values appear high,
when expressed in terms of degrees of move-
ment per second they are considerably below
the level at which a degradation in dynamic
visual acuity has been observed (Miller and
Ludwigh, 1960).

.

il

TABLE 2

HUMAN FACTORS

PROCEDURE

Observers practiced and were tested in a
semi-darkened cubical room which served to
attenuate external noise and visual distractions,
No restrictions were placed upon their seating
positions or viewing distance from the display,
The practice periods and experimental sessions
arc described below, ‘

Practice Period. The practice period scrved:

(1) to sclect only observers proficient in recog- -

nizing radar targets, (2) to familiarize the ob-
scrvers with radar imagery and with the
specific - targets used in this study, and (3) to
allow them to develop optimum search tech-
niques for both the moving and static presen-
tation modes. '

A series of one-half to one-hour practice
periods was given to each observer. An ob-
server’s total practice time was from two to
four hours, depending upon his previous ex-
perience and ability {o reach arbitrary per-
formance criteria.

Those observers unfamiliar with radar were
informed briefly how radar operates and how
its pulses reflect from various ground objects
to produce the light and dark returns on the
display. All were given training in finding
targets in radar imagery similar to that to be

Some relationships among observation time, imagery ground coverage, and display size,

(A)

Real World Rates for Different Imagery Ground -

Coverages and Observation Times

(B)
Movement on Screen for Different Display Sizes and
Obervation Times

Qbservation
Time, seconds Ground Coverage Display Size
18 x 18 9x9 6x6 12x12
miles miles inches inches _
10 Mach 10.8 Mach 5.4 0.6 inch /sec 1.2 inch /sec
20 Mach 5.4 Mach 2.7 0.3 inch /sec 0.6 inch /sec
40 Mach 2.7 Mach 1.35 1.15 inch fsec 0.3 inch /sec

) (D)
Image Scale Factors Resulting from Combinations of  Apparent (Retinal) Movement with a 10-second Ob-

Display Size and Ground Coverage

servation Time®* for Different Display Sizes and at
Different Viewing Distances

Dlspla,l\; Size,

inches Ground Coverage Distance from Display
18 x 18 . ' 9x9 6 12 18
miles miles inches inches inches
6X6 - 1/216,000 1/108,000 5.3°sec 2.8°/sec 1.9°/sec
12 x 12 1/108,000 1/54,000 9.0°/sec 5.3°%/sec 3.7°/sec
*20 seconds (by 14);
40 seconds (by 1) v

— et v — - R
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CHARLES W. SIMON

used in the experiment. Practice under both
static and moving prescntation modes was
given; near the end of the practice period, the
obscrvation times were limited to those the ob-
server would experience during the experi-
ment.

Through these experiences, obscrvers de-
veloped their own methods of search and estab-
lished viewing distances most suitable - for
themselves,

Instructions. The following points were
made during the initial instructions to the sub-
jects and were re-emphasized throughout the
experiment:

L. Simulated Mission. The following hypo-

thetical situation was described to the ob-

servers:

An intelligence report has been received
stating that enemy aircraft are about to take
off from certain specified airfields to bomb
friendly troops and installations. Also, missile
launchers, hidden near certain specified fuel
tank farms, are being prepared for immediate
launch. An enemy headquarters coordinating
thesc cfforts is stationed in a football stadium.

It is vital that all these critical targets be
found and destroyed as quickly as possible.
Every second of delay could be critical, for our
reconnaissance plane risks destruction if it is
detected before it can detect and destroy the
encriy. Furthermore, if the plane is detected,
this would serve as a warning for enemy planes
to take off and for missiles to be fired. Under
these circumstances, it is better to bomb a
nontarget than lose a real one,

2. A Priori Information. Qbservers were
also shown small sections of radar imagery in

.which the targets to be recognized were em-

bedded. These targets were the same size and
shape as the ones to be recognized, but were
not necessarily shown in the same orientation.

During a “hot” war, military-type targets

would be less likely to be located in logical

Pplaces and must be searched for everywhere.
Thus, observers were told that targets would
be located in practically any section of the
display and would not appear in a systematic
order or with a fixed frequency. _

3. Observer’s Task. The basic task before
each observer was one of target recognition,

June, 1965—191

that is, of finding targets on the display essea-
tially identical to those shown during the
bricfing period. As soon as a target was recog-
nized, the observer immediately pressed a

_button and put his finger on the target and
named it. The observer was instructed to “get

as many targets as quickly as possible, as soon

-as they appeared on the display.”

Scoring. When the observer pressed his
button, a mark was made on a graphic recorder
on which a time base was provided. Locating

and naming the target was done quickly and .

did not appear to disrupt the observer's con-

tinuing search. It did enable the experimenter -

to check the correctness of the response (both
target and location) from a scoring chart that
he held and marked. If the information was
correct, the experimenter also pressed a button
which put a verification mark on the graphic
record.

In addition, a mark was automatically reg-
istered on the graphic record for each target
after it appearcd on the display. Time differ-
ences between the automatic target mark and
the observer’s mark indicated the time required
to recognize that target once it appeared on
the display. Time was determined to the
nearest second. The presence of the observer's
mark and the absence of the experimenter's
mark enabled the number of false targets to be
determined. '

Experimental Sessions. Before each ex-
perimental session, observers were given short
practice runs with the imagery, observation
time, and display size similar to those used in
the experiment.

EXPERIMENTAL DESIGN

The experimental design used in this experi-

ment is shown in Table 3. Performance data

was collected for all 24 combinations of pres-.

entation mode, ground coverage, observation
time, and display size. Fach observer was
tested under the four combinations of mode
and ground coverage. Different observers
were tested under each of the different observa-
tion times and display sizes. Thus, six ob-
servers,-each tested under four sets of condi-

ottt e
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TapLE 3
Experimental design

T e———

HUMAN FACTORS cyanies

Prescatation Mode

I
1

t
time requ
mile lon

ticular c¢d
;

ground ¢
. Moving Static . :
Observers Observation Time. Display Size !
{scconds (inches) Ground Coverage (miles) :
9x9 18x18 9x9 18 x 18
Trials Results
1 10 6x6 3 2 4 1 presented
7 10 6x6 i 4 2 3

2 - 10 12 x 12 3 2 4 1 TABLE S

8 10 12 x 12 1 4 2 3 Analysis ©
"3 20 6x6- 4 1 3 2

_ 9 20 6x06 2 3 1 T4 —

4 20 12 x 12 4 1 3 2 TOTAL
10 20 12 x 12 2 3 1 4 BETWI
Ohser

3 40 6x60 4 1 3 2 ;
Displ
11 40 6x6 2 3 1 4 Time
6 40 12 x 12 3 2 4 1 Exrror
12 40 12 x 12 1 4 2 3 WITHI
- Presc
. Grot
tions, were required for a single replication. all subjects appcared the same number of T(u'g{
Two replications were run. times during each of the four testing sessions. mg;:
The order in which observers were tested on Observers were tested morning and after- Grou
the four presentation mode and ground cover- noon on two consccutive days. A different R”Agt}
age combinations was partially counterbal- combination of mode and ground coverage Grot
anced. The order for observers tested under was tested at each of the four sessions. A gml
the same conditions of observation times and session consisted of two runs through the T:;E
display size was reversed. Over the entire ex- imagery—first forward and then backward, Mod
periment, each of the four conditions run by with a rest period in bétween. The actual groo[i
; . ' Targ
MOVING PRESENTATION MODE STATIC PRESENTATION MODE mgg
g 0o~ to. 00 - Gron
3 : .«;‘L: g - e R Gron
¥l (2 : g i s Moc
w B p ™ Mox
T T | Mo
g X its0% § 3 Mo
S "1 i v Eu Moc
E ! vesea §-20-8 z - Gro
g % - Mot
n:— w MOC(‘
g Errc
N AN T T R R R R Y This @

TIME (SECONDS) TIME (SECONDS)

: (G. W.
DISPLAY SIZE OBSERVATION TIME GROUND COVERAGE . : a‘;‘:{ciic
6% | 120 10— |20-[40- 9--- |18 — ' the cor
3QOnlyF
INCHES SQUARE SECONDS MILES SQUARE using t!
of the

Fig. 4. Cumulative percent of radar targets recognized on moving and static display.

o
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CHARLES W. SIMON

time required to run once through the 324-
mile long imagery depended upon the par-
“ticular combination of observation time and

TABLE 4

June, 1965—193

Actual testing time for one run.

- N fgrOUﬂd coverage bCing studied (Table 4) Ground Observation Time (seconds)
Static i . Coverage
= Coverage-{miles) ; o (widih) 1o 2 °
- - ! RESULTS _
N ki 18x15 ; . . 18 miles ~ 3 minules 6 minutes 12 minutes
Trials {. Results of the experiment are graphically 9 miles 6 minutes 12 minutes 24 minutes
4 q f preseated in Figure 4. The two plots show the
2 3 |
4 1 f' TABLE 5
2 3 ! Analysis of variance: percentage of targets recognized correctly.
-? £21 E Source of Variation Degrees of Freedom Mean Square F
| Q—
3 2 {TOTAL 191
1 4 BETWEEN SUBJECTS 11 624.39
3 2 : Observation Time 2 2445.19 10,235
1 4 Display Size 1 1725.97 7.228
Time x Display Size 2 7.73 .o
4 1 Error uncorr.? 6 39.42
2 3 [' WITHIN SUBJECTS 180
Presentation Mode ! 1 3.70
Ground Coverage 1 38844.50 49,785 -
the same number of T(u'ﬁct C(/l}amclc('irigics 113 131?5.23 -31,356
R s . : Mode x Groun overage .
:hu four tf:Stmg sessions. | Mode x Target . 3  39.64
icd morning and after- Ground Coverage x Target 3 780. 22 10,284
tive. days. ; H Mode x Time 2 15.9
4 ays. A different ; Mode x Display Size 1 231.04
and ground coverage ; Ground Coverage x Time 1 16.83
K€ the four sessions. A | Ground grovcrage x Display Size é 2?3;2
: Target x Time .6
two runs through the Y Target x Display Size 3 344,84
4 and then backward, Mode x Ground Covlerage_ X Target 3 20.59
between. ' Maode x Time x Display Size i 2 32.58
' The actual ¢ Ground Coverage x Time x Display Size 2 76.44
‘5 Tarﬁet x Time x%)isplay Size 6 . 238.96 . 3.15¢
Mode x Time x Target 6 43.73 .
RESENTATION MODE ! Mode x Ground Coverage x Display Size 1 101.13
. aos Ground Coverage x Target x Time 6 133.61
PPV et Ground Coverage x Target x Display Size 3 78.72
ey Ty Mode x Ground Coverage x Time 2 148.89
/—f—‘—’*—b/' Mode x Target x Display Size 3 38.10
. Mode x Ground Coverage x Target x Time 6 44.27
Mode x Ground Coverage x Display Size 3 141.84
Mode x Ground Coverage x Time x Display Size L2 6.96
.Ground Coverage x Target X Time x Display Size 6 47.49
Mode x Target x Time x Display Size 6 26.41
- Mode x Target x Time x Display Size x Ground
Coverage 6 105.82
Error corr.2 .90 75.89

. . |
LA RN SR LI | B I TRV Py
(SECONDS)

—
ZOVERAGE
18 —

SQUARE
[ ——

wid static display.

+ 1 This analysis was made on the arcsin transformation of the square root of the percentage data

L (GO W. Snedecor, Statistical Methods (4th Edition), 1946, Iowa State Collcge Press, pp. 447-448).

e oo et 1.3y

| 2Two sotirces of variability attributable to chance can be calculated, i.e., that which is based on the uncor-
i related data obtained from conditions on which different observers were tested and that which is based on
the correlated data obtained from conditions on which the same observers were tested.

i 3 Only F ratios significant at the 0.05 probability level or better are shown. Tests of significance were made by

of the significant interactions containing the source of variation being tested.

§

!

i

| using the mean square of the appropriate error term* or by using the mean square’ (or paoled mean squares)
i

!
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/ CuAT
, B
TanLE 6 ! / prub.i
Analysis of variance: median tinig'to recognize targets. cach |
1' Soitrce :;f Variation Degrees of Freedom Mean Square F2 . timc,!
{ * +
L TOTAL 47 18.43 the o
: BETWEEN SUBJECTS 11 _ ]
Time 2 60. 58 show
Display Size 1 7.14 varia
Time x Display Size 2 4.22 Tvnrg
Error uncorr.! . 6 3.73 Med
WITHIN SUBJECTS 36 .
Mode ! 231.89 10.61¢  B*
Ground Coverage 1 125.14 by a
Mode x Ground Coverage 1 59.62 the 7
Time x Ground Coverage 2 27.25 he
Display Size x Ground Coverage i .41 the
Mode x Time 2 43.28 . alon,
Mode x Display Size 1 .03 : Val
Time x Display Size x Ground Coverage 2 3.86 .
Mode x Time x Ground Coverage 2 .27.26 12,173 effee
Time x Display Size x Mode 2 16.52 7.383 " plott
Mode x Display Size x Ground Coverage 1 2,77
Mode x Time x Display Size x Ground Coverage 2 2.44
Error corr.! 18 2.24 TabL

1 Two sources of va riability attributable to chance can be calculated, i.e. that which is based on the uncorrelatec Falst
data obtained from conditions on which different observers were tested and that which is based on the cor-
related data obtained from conditions on which the same observers were tested,

2 Only F ratios significant at the .05 probability level or better are shown. Tests of gignificance were made by y—

using the mean square of the appropriate error term? or by using the mean square (or pooled mean squaret;
of the significant interactions containing the sources of variation being tested. o
TaBLE 7 4-. > ‘ _f
Analysis of variance: range of {itfies required by an observer to recognize 90 percent of recognizable targets.
Source of Variation . Degpees of Freedomn Mean Square F1 ' o
TOTAL 47
BETWEEN SUBIJECTS . 11 ’ -
Time 2 846.33 40. 59* ¢
 Display Size 1 .34 -
Time x Display Size 2 .58
Error uncorr.! 6 11.58
WITHIN SUBJECTS 36 .
Mode 1 1365.34 65,494
Ground Coverage 1 60.75 L
Mode x Ground Coverage 1 33.33 . .
Time x Ground Coverage 2. 16.75
Display Size x Ground Coverage 1 3.00
Mode x Time . 2 286.33 ‘
Mode x Display Size 1 10.07
Time x Display Size x Ground Cover 2 3.25 .
Mode x Time x Ground Coverage - 2 20.85 4.623 PR
: Time x Display Size x Mode 2 8.09
: Mode x Display Size x Ground Coverage 1 3.25.
: Mode x Time x Display Size x Ground Coverage 2 2.24 o
- Error corr.} . 18 4.51
P 1 Two sources of variability attributable to chance can be calculated, i.e., that which is based on the uncor- ~|6R
related data obtaincd from conditions on which different observers were tested and that which is based on the -
correlated data obtained from conditions on which the same observers were tested. Y
2 Quly F ratios significant at the 0.05 probability level or better are shown. Tests of significance were made by
using the mean square of the appropriate error term? or by using the mean square (or pooled mean square)
of the significant 1nteractions? containing the sources of variation being tested. L_

.

~
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zh is based on the cor-

.ificance were made by
pooled mean squares)

!

recognizable targets,

uare F2

33 40.594

34 65.494

35 T 4.623

24

'
H

s based on the uncor-|
which is based on the:

ficance were made by,¥
pooled mean square);

H
!
'
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i . Targets ‘Recognized Correctly

CHARLES W. SIMON

probabilitics of target recognition over time for .
cach of the 12 combinations of observation
time, display size, and ground coverage for
the moving and static presentation modes.

The statistical trcatment of the data is
shown in Tables 5 through 9. Analyses of
variances were calculated on the percentage of
(Table. 5),
Median Time for Recognizing Acquired Tar-
gets (Table 6), and the Time Ranges Required
by an Observer to Recognize 90 Percent of
the Targets Acquired (Table 7). Tablc 8 shows
the Frequency of Recognizing False Targets,
along with the results of tests of differences.
Values for individual means of significant main
effects and intcractions in these analyses were
piotted in the graphs of Figures 5 through 7.

TABLE 8
False targets.

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78BO477OAOO190002003%1-7
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The results of the analyses and data shown
on the tables and figures are summarized in
Table 9. The effect of cach variable on each
performance measure is given, and where the
interactions among variables were found to be
significant, the data has been summarized
across variables.

In general, it would appecar that within the
range of conditions in this study, the same
number of targets can be found with either the
moving or static presentation mode, but that as
observation times grow longer and target visi-
bility becomes poorer it takes significantly
longer and speed of performance is more
variable with the static mode.

One result of interest is the comparative

effects of the two combinations of display size

FREQUENCY OF ACQUIRING FALSE TARGETS FOR DIFFERENT TARGET-DISPLAY-SYSTEM CONDITIONS

TARGET BACKOROUNDS PRESENTATION MODE - MOVING STATIC
DISPLAY SIZE ) 1z 6 12
GROUP[PATTERN] | | 2 | 3 ] 4 | 5 GROUNDCOVERAGE : 8 | 1B | 9 (18| 9 (18] 9 | 18
N 10
A AN tlojo |1 ]o A A 20 : i
¢
[-X:-K-3 N odbo
g8 (oo 88 | 39 " ,
l i
o 8 Joli ol o ° $% 1. 20
oo £_°%° lw3ag |
% E ©, 0 E IO
o 0
t Jololooe A A
= a o]l 1 3 ] | 3
6|5 |65 ]a [} i z 20| 1 i 2
® @ v g ® 2 ® g 3l o2 | 6
‘ g 307 3|3 T2
5|6 |13l 2|a © 20 I 1 2 | 1 l
X £ 0] 2 2 4 2l 2
1071 2 i |
3|s|3a|s5 o 4 20| | | Vo
s A . A ol 2l 4l 4 1 !
10 3 3 | i
=t [3 |+ |9 |73 20| | 1 i
e 2l 2 53
%% FOR FALSE TARGET FREQUENCIES
SIGNIFICANGE SIGNIFICANCE
SOURCE t x2 p£0.05 SOURCES f. i df p<0.05
PRESENTATION MODE . TARGET GROUP#
MOVING a9 A 2
STATIC 58 0.75 t NO . n
DISPLAY SIZE @ 26 627 3 YES
& INCHES 58 P
12INCHES, 49 075 ! NO 68
GROUND COVERAGE # BACKGROUNDS »
9 MILES 70 1 I
IBMILES 37 0.23 | NO o 18 »
OBSERVATION TIME - o 3i 373 4 NO
10 SECONDS 35 g 2z
205ECONDS 2} 126 2 YES J
40SECONDS 51

ISEXPECTED FREQUENCIES WEIGHTED FOR UNEQUAL n's) .

P —— o g

1
H

v
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TaBLE 9
3 Summary of results showing eflccts of variables on performance.
z =2
J " _{9 VARIABLES*
\ ]
Vo : GROUND COVERAGE
Vol dg, | STATIC VERSUS (9x9OR I3 x 13
\ E PERFORMANCE MOVING OBSERVATION MILES AND TARGET
\ It MEASURES PRESENTATION (10, 20, 40 SECONDS)  DISPLAY SIZE CHARACTERISTICS
Jd dg% . MODES (6" x 6" OR 12" x 127)
\
\ \ —
N ll e ; No Effect More targets re- More targels re- Larger and more dis~
: (Table 5) cognized as time cognized on larger tinctive targets were
] PERCENTAGE increased. display or with morc often recognized
IS WU T ; OF TARGETS - . (Figure 5A) smaller ground (Figure 5D)
#F 3 & g ° ; CORRECTLY arca.
: RECOGNIZED _ . (Figure 6B and C)
: (TABLE 5) o Co . - L
: <t Reducing ground coverage incrcased re- z
; cognition of targets. Less distinctive :
B— [ targets showed grealcst increase. R
i (Figure 5E) :
‘ , , ;
w | { Targets with smallest widths were poorer with short observation P
o = ! times and small displays. Targets with Jongest dimensions im- i
93 H proved with longer observation times and larger displays. ;
@ i (Figure 6F) !
g : i
= : i
i ’ Static took longer (No Analysis) '
3 f (Figure 6A) ) , :
4®E£ | | MEDIUM TIME !
g ; TO RECOGNIZE Recognition took longer with smaller displays and greater ‘ )
! (TABLE 6) ground coverage. Difterences were significant only when ;
imagcery was presented statically and for the longer observa- ;
[ ! i tion times. , i ;
2 g e o ! (Figure 6 B and ©) }
A
! Static more vari- Variability in- (No Analysis) E
! able creased with }
1 . (Figure 7A) longer observation 4
' MEAN VARIABILITY (Figure 7BE)
! IN OBSERVER’S ‘
i RECOGNITION With a static presentation and with a longer observation :
; TIMES (TABLE 7) }une, variability was greatest when ground coverage was !
i arge.
: (Figure 7C)
; No effect due to display size.
i (Table 6)
£
; No Effect " Significantly fewer Twice as many Seven times as many
H NUMBER OF FALSE (Table 8) false targets with false targets were false targets were cal-
! TARGETS CALLED 20-second obser- called when film led when target pat-
L | (TABLE 8) vation time, coverage was twice terns were judged
2 8 2 o ! (Tabie 8) as much. more similar to back-
; (Table 8) ground patterns.
D AN3943d ; (Table 8)
—_—
. ; * Where information extends across more than one variable, it refers to the interaction among the variables b
ransformation used . covered.
_i

ey e

“
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and ground coverage yiclding the same scale
factor. Both the 9-mile square ground cover-
age on the 6-inch display and the 18-mile
square coverage on a 12-inch square display
represented a scale factor of 1/108,000. On
both displays, therefore, targets were of equal
size. However, performance was not identical.
The results in Table 10 illustrate the difference.
Variations in ground coverage had a much
greater cflect on performance than variations
in display size.

None of the previously mentioned analyses
included an examination of changes in per-
formance over the four experimental sessions.
The number of targets recognized for each of
the four sessions for all subjects under all
conditions were:

I. 455 1II. 453 IIL 459 1IV. 494

The average times to find and recognize tar-

HUMAN FACTORS ¢, ,

I. 6.2 secs.
IV. 6.4 secs.

II. 6.6 secs. IIL. 5.9 sees.

i

|

TAB{E

Peric

None of the values for cither measure differs ““dﬂ‘
significantly from what could be expected by

chance at the 0.05 probability level.

DISCUSSION

The present study clearly indicated that for
the conditions under investigation, target ac-
quisition performance was never better and
often poorer when the imagery was presented
in a series of static steps than when the
imagery was prescnted in a continuous move-
ment across the display. There was no differ-
ence between the two presentation modes in
the probability of finding targcts. However,

Pere
Ruece

Med
Ruc

Ran
Rec

under many conditions, those targets that were . Nw

. . Tar.
gets for each of the four sessions were: detected were found sooner on the moving
A- PRESENTA]'ION MODE B-INTERACTION-GROUND COVERAGE, C-INTERACTION- DISPLAY SIZE, *G;
PRESENTATION MODE, AND PRESENTATION MODE, AND ‘
OBSERVATION TIME OBSERVATION TIiME L
20 20 20
_— . _—
g | o BENE oy .
g wbooIpne =t dis
7 144 145 .7 |-
g S x per
g 12 |- 12 ’ [FS (
o o} w0} 1 0
e 4 r. e CE - )
y of R /’ sl I stu
F el o ./ L_\, ol Y col
z LY S .
it al M ol m (s,
¥ oer 2 2r prc
ol 4 & 1 A i 1 1 1 L 1
MOVING STATIC [ ) 20 30 40 50 ° 10 20 30 40 s0 me
SECONDS SECONDS B fro
Fig. 6. Median .time to recognize targets. wa
ma
h¢
A-PRESENTATION MODE B-OBSERVATION TIME C-INTERACTION-GROUND COVERAGE, t
R . PRESENTATION MODE, AND pre
OBSERVATION TIME
a0 a0 a0 ob:
(23
bl [ b X STATIC i
g 36 36 % smme x (L:
o 32 32 AW == 18N M, ,’ .
g 2 » ol — 9 N ML ’
§ i I, X Tai
o 24 |- 24 |- 24 |- 4
o 20} ’ /l Sol
2 20 |- 20 S -
g e s |- L35 P
2 7
et 2k 2 /,
o / g
w *F s - 1 X - o
[} i 1 1 L | 1 1 A —
MOVING STATIC [ 10 0 30 40 0 o 10 ) 0 a0 0
SECONDS . SECONDS

Fig. 7. Range of times to recognize targets.
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6 secs. 1. 5.9 secs.

-or cither measure differs .
at could be expected by |

wbability level.

USSION

zlearly indicated that for
investigation, target ac-

was never Detter and
> imagery was presented

steps than when the
1 in a continuous move-
y. There was no differ-
» presentation modes in
ding targets. However,
;, those targets that were
sooner on the moving

o Recognized (97)

TasiE 10
Performance with combinations of ground coverage
and display size yiclding equal scale factors,

Scale Factor 1]108.000

Ground Coverage 9 mi. sq. 18 mi. 5q.

H
!
H Display Size 6" sq. 127 sq.

Moving 89.8 52.2*
Static 80.8 53.8*

; Percentage of Target

_ERACTION-DISPLAY 8i2F,
ZSENTATION_MODE, AND
SERVATION TIME

STATIC
MOVING
12 v,
6 N,

20 130 40 50
SECONDS

=ITATION MODE, AND

=CTION-GROUND COVERAGE,
=~ATION TIME .

STATIC

MOVING X
8 N, M1 4
5 N M, e
4
4 X

SECONOS

, Av, 85.3 53.0*
! Median Time to Moving 22.0 23.0
. Recognize (secs) Static 37.5 66.0*
é Av.29.8  44.5%
é Range of Time to Moving 7.3 6.8
: Recognize (secs) Static 15.2 19.8
_ Av. 11.2 13.3
i Number of False Moving 7.0 8.0
i Targets Acquired** Static 12.0 9.0
T19.0 17
*Significant at .05 probability level,

**Corrected for twice as much 9-mile imagery.

display and with significantly less variability in
performance.

Only one other published experiment, a
study by Erickson - (1964), was found that
compared target acquisition with a moving
(5, 7, and 10 degree/second) and with a static
presentation mode. Although his method for
measuring time with the static display differed
-from that of the present study and his imagery
was not as representative of the rcal world,
many of the relationships he discovered among
the variables studied support those found in the

obscrvers to search for an incomplete ring
(Landolt C) among a number of solid rings

present experiment. Erickson required 16 male

June, 1965—199

arranged systematically throughout a square
ficld. Along with a numbcr of other experi-
mental conditions, he compared search per-
formance in a moving and static ficld, Using
percent of targets detected as the criterion, he
found that performance deteriorated with a
decrcase in search time whether the image was
moving or static. Erickson concluded that
“target movement, per se, does not necessarily
(sic) have a detrimental cffect upon search
performance within the 0 to 10 degree/second
range” and his results suggest that, in fact, the
percent of targets detected actually was greater

with the moving imagery than with the static ~

imagery when the observation time was short-
est. The results comparing the two modes
were shown in Figure 5 of his paper and can
be summarized as shown in Table 11.
Although no statistics were applied, the ex-
tent of the difference between the percent ac-
quired with a moving and static mode up to
the 7° per second condition was almost negli-

gible and possibly due to chance. At 10°/

second, or the shortiest obscrvation time, the
difference between the two modes had in-
creased considerably, favoring the moving pres-
entation mode.

In the experiments reported in this paper,
the average visual angular ratc was probably
considerably less than 7° /second® and the lack

of a significant difference in the percent of

targets acquired agreed with the apparent re-
sults of Erickson’s study. Erickson did not re-
port any time-to-detection, so no comparison
between the two tasks could be made on this

8 Since subjects were free to position their heads
at any distance from the screen, the visual angular
rate varied. This estimate of angular velocity was
based on head positions measured in a subsequent,
but similar study.

TabLE 11
Some results of Erickson’s study.
) Ratio of
Visual Angular Available Percent of Targets Detected Percentage
Velocity in Search Time in Percentage Difference
Moving Made Static Mode Moving Static Difference to Smallest
) Percentage
‘ 5° /second 2.9 second 77 81 4 .05
i 7° /second 2.0 second 61 . -64 3 .05
; 10° /second 1.4 second 50 40 10 .25

e iy g

A

AN
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mecasurement. However, when the results of
Erickson’s study are combined with those of
the present study an intercsting relationship is
suggested among relative performance cffective-
ness of the moving and static presentation
modes, observation time, and the probability
and spced of detection, The relationship sug-
gested is as follows: -

At the slower speed there is little difference

between the modes in terms of the number

of targets acquired although those targets
which are found are detected more quickly
with the moving presentation mode; at
faster speeds, there is little difference be-
twecen the two modes in the time to acquire

a target, but the probability of acquiring tar-

gets is higher with the moving presentation

mode. .

In both modes, performance detcriorates as
observation times are shortened. In general,
the moving presentation mode would seem to
offer the greater advantage for target acquisi-
tion in near-real time. In the sections to fol-
low, a rationale for the above. statement will
be developed and the implications for equip-
ment design will be discussed.

An Explanation Of The Results Of The
Present Experiment

The conditions under which the results of the
present experiment were obtained should be
carefully delineated. Although it is believed
that these conditions are representative of those
found in a great many actual reconnaissance
missions, they are specified to avoid overgen-
eralizing to situations in which they do not
exist. However, as it will be shown, the re-
sults obtained appear to have generality beyond
the limits of the present study. :

The conditions which existed in the present
experiments were: (1) targets could essentially
appear anywhere on the display; (2) the ob-
servation times were so short that a thorough
search of the display was not possible, al-
though at the slower observation times, several
rough scans could be made; (3) some targets
tended to be marginal in size, near the per-
ceptual threshold; and (4) the observers were
thoroughly briefed and made familiar with the

HUMAN FACTORS

targets’ relatively well-defined patterns, Thes
four conditions meant that a very fine, system
atic scanning patiern was necessary to scarch
the display and that the use of periphera
vision was limited. The obscrvation time wa
spent primarily in searching for the target
which, when seen foveally, would generally be
recognized immediately. Erickson, too, noted
that with moving imagery, particularly at the
faster rates, use of peripheral vision was lim.
ited.

In the present study, the observers were in.
structed to “find the targets as soon as possible
after they appeared on .the display.,” This
meant that with the static presentation mode,
a thorough and careful search in two dimen-
sions over the entire display was required. With
the moving presentation mode, however, the
optimum strategy was to scarch the display in
a single dimension along the edge at which the
targets first appear while the imagery moves
across the display. This searching procedure
minimized the time to find the target and
maximized the time available to study it be-
fore it disappeared (if further study were
nceded). The two search modes are illustrated
in Figure 8.

Assuming no difference in scan rate or the
ceffective cone of vision, the observer could
scan the same arca of the imagery in a speci-
fied period of time in both modes. This would
suggest that the probability of finding a target

would be the same with both presentation

modes, and this theoretical equality was borne
out by the empirical results. As observation
times increased, a greater arca could be
scanned, and theoretically and empmcally,
more targets could be found.

The difference between modes in the tine
required to find a target after it appeared on

the display is the result of the difference in the
scarch techniques used. With the static pres-
entation mode, the length of the search path
between the initial fixation point and the target
position was proportional to the time to find a
target. Since these two end points could be
located anywhere on ‘the display, the time in
which a target could be found could vary
from almost instantaneously (if the two end
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points should coincide) to the lchgth of the
entire observation period (which was not sulli-
cient in this study to allow a thorough search
of the display). Therefore, the average time in
which a target was found on the static display
was approximately one-half of the observation
period. As obscrvation time increased, there-
fore, so did the average time to find a target,
and the variability of the time to find a target.

These relationships do not hold for the mov-
ing presentation mode. If the observer searched
optimally along the leading edge of the display,
the maximum time to find a target was limited
by the time the target stayed within the arca
covered by the cffective visual cone along the
leading edge. Average time to find was gen-
crally half of the width of this arca which,
being considerably less than the width of the
entire display, would explain why time-to-find
with the moving imagery was significantly
shorter than with the static imagery, Further-
more, the width.of the area subtended by the
cffective visual come remained relatively con-
stant even when display size or observation
time was varied which tended to reduce the
variability of the time-to-detect measurements.
Casual observation suggests that variations in
the cffective visual cone came from a shift in

MOVING
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the distance of the observer’s head from the
display and the distance the center of the scan
pattern is from the edge of the display; these
tended to be slight.

Supplemental Study. Although the empirical
results supported these analytical conclusions,
it was decided to check the possibility that they
could be accounted for by the observers using
a different scan rate for the two presentation
modes. Perhaps, it was hypothesized, the re-
sults of the original experiment had been arti-
fically produced by the implied instructions
concerning search techniques with the static
prescntation miode. It may have been that
allowing the observer to practice and become
familiar with the length of the obscrvation
time available may have encouraged him to use
all of that time to carefully scan the static
display once. If he had instead made a rapid
scan of the display first (or several rapid
scans), he might have reduced his median
time-to-find-targels by beiug able to pick up
the more obvious targets quickly during the
rapid scans.

To check this alternative, a supplemental
study was carried out using two of the ob-
servers previously tested under the 40-second
time limit. They were given two test sessions,

STATIC

DIRECTION OF IMAGERY MOTION =4

Fig. 8. Diagrams illustrating search paths and scannable areas with moving and static presentations
for two rates. Broken lines represent path of eye movements. Shaded portion represenis the area of

imagery scanned within area of effective vision.
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one for cach of the two presentation modes.
Only the 18-mile wide strip and the 12-inch
squarc display were used with a 40-second
obscrvation time limit. The subjects were in-
structcd—in fact, urged—to scan the display
during the static preseatations as rapidly and
as often as they reasonably could. They were
told to continue to scan the moving prescnta-
tions in the same way they had done previ-
ously, The results are shown in Table 12,

Although performance in the static pres-
entation mode tended to improve slightly over
the original run, neither the overall results nor
the conclusions drawn in the original study
were changed by these results. This improve-
ment may have been due to the increased scan
rate uscd with the static presentation, or it
could have resulted from the practice which
the observers by this time had with the test
imagery. :

In either case, under the conditions examined
here, the number of targets found with either
mode of presentation did not differ more than
could be expected by chance. The differences
in the time required to find and recognize tar-
gets with the two presentation modes, however,
remained relatively large.

Considerations  for Equipment . Design.
Three other factors, in addition to those al-
ready described, favor the moving presentation
over the static one. First, it has bcen found
that it is difficult for an observer to make a
precise and systematic search. Although he
may conscientiously try to scan in a particular
and regular manner and reports that he is
doing so, eye movement records reveal this is
not always the case (Townsend and Fry, 1960;
White and Ford, 1960). In the static mode,
this situation can lead to overlapping or un-

TABLE 12

HUMAN FACTORS

scanned areas, for the observer must scarch in
two dimensions with no external restrictions
applied to his scarch pattern. In the moving
mode, however, using the leading edge of the
display to guide his scan in onc dimension
while the imagery moves by in the second
dimension reduccs the inefliciency of scarch.
Sccond, even if it took the same time to find
a target once it appeared on the display with
cither mode, the moving mode is still favored
when time-to-find is critical, The reason for
this preference is that a time delay is “built in”

to the static mode. The delay is that required -

to allow the image to build up in the ncar-real-
time mission. Thus, if a target lay just outside
the section of the terrain being displayed dur-
ing a single static presentation, it would have
to wait a complete obscrvation time period
before it would appear on the next frame. On
the other hand, with the continuously moving
mode, the target would move onto the display
within seconds after it was sensed by the radar,

Third, if the observer’s task is to find a pre-
defined target area rather than a target, the
possible breaking up of the terrain context
into two scquentially presented static frames
could detrimentally affect the reccognizability
of the area pattern. Task effects will be ana-
lyzed later.

Scale Factor. In this study, the scale factor

of the imagery could be enlarged in two ways: .

(1) by increasing the size of the display and
filling it with an enlarged image, or (2) by de-
creasing the area of the terrain being displayed
on a display of a given size. Both methods
yielded results supporting the gencrally ac-
cepted . contention that performance is im-
proved with the larger scale factor. More
targets were acquired and found in less time.

Results of supplemental study of the effect of scanning instructions to two observers.

Moving Presentation Mode

Static Presentation Mode

Number ‘Median Time Number Median Time
Recognized : Recognized
Original _ 33 3.5 seconds 37,5 14.8 seconds
Supplemental Test* 33,5 3.5 seconds 38.0 12.5 seconds

*18-mile wide imagery, 12-inch square display, 40-second observation time. Values are average of two observer's

performance,
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CHARLES W. SIMON

However, the difference in resulls obtained
by the two micthods demonstrated that scale
fuctor, per se, was not the critical factor to be
considered when making optimum display de-
sign decisions. Although in both cascs the
target sizc was changed by the same amount,
varying the amount of ground area displayed
in the full frame alfected performance more
than varying the ‘sizc of the display while
holding ground area eonstant, This faet enie
phasizes the role that search and scanning
techniques play in the recognition task, With
the larger display, although the ground area
presented was the same, the observer was re-
quired to search a static display arca four
times the previous size. With the moving dis-
play, the increase in search cffort was only
twice as great, since the observer scarched
only in onc dimension along the leading edge.
When ground coverage was reduced with dis-
play size held constant, not only was the target
size incrcased, but the portion of the total
image area occupied by the target was larger,
a fact which was not so when the display size
was also increased.

One other factor may have also reduced the
cflcctivencss of increasing the display size.
The apparent increase in target scale factor on
the display when the larger display was used
was partially offset by a shift in the observer’s
viewing distance to compensate for the change
in display size. With the larger display, ob-
servers would tend to move back further, thus
reducing the visual angle subtended by the

target. Considerably less compensation was
observed when the pground coverage was
changed.

It should not be overlooked, however, that

under some circumstances, reducing the arca
of ground covered within a fixed display size
could be detrimental to reconnaissance per-
formance. For one thing, to do so reduces the
amount of contextual terrain information
which in certain reconnaissance tasks can be
critical in locating targets too small to be séen
directly. Then, too, the reduction in ground
coverage results in a corresponding decrease

in the length of the observation time (for any

fixed vehicle speed) and this may reach a
limit beyond which the observer no longer has

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78BO477OAOO1900020031
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suflicicnt time to perceive the target.
Observation Time and Image Movement,
In a ncar-real-time mission, the observer may
have little control over the length of the ob-
servation time. Time, however, represcnts one
of the most scverely limiting factors in this
form of reconnaissance and targets which
might have eventually been discovered had the
scarch time been longer, may not be detected,
When the lmagery Is moviag, the shorter
obscrvation time crcates an cffect in addition

-to that of limiting the search period. In this

case, observation time and movement combine
to create an angular imagery rate which, if
fast enough, results in a blurring and reduction
of visual acuity (Miller and Ludwigh, 1960).
It is this possibility that has made many design
engineers skeptical of the use of moving
imagery for reconnaissance tasks. In practice,
however, this fear appears overemphasized
for the following reasons.

First, most of the rates encountered in the
airborne reconnaissance situation (as well as
in the faster moving reconnaissance missions
from space) are below the point at which
blurring occurs. Second, and possibly even
more important, current rescarch results sug-
gest that whatever the degradation in per-
formance which results from a decrease in ob-
servation time with the moving imagery, a
greater degradation will occur with the static
imagery. As observation time decreases to a
minimum, observers eventually reach a point
where they stare at only one point on the dis-
play (Erickson, 1964). Under this condition,
success in finding a target on the static display
is reduced to being lucky enough to be staring
at the correct spot at the right time—a highly
unlikely occurrence. With the moving display,
however, staring at onc spot does permit the

search of a greater area, namely, a line across .

the display as the imagery (however blurred it
may be) moves by. For this reason, the prob-
ability of detection at the very fast speeds can
be expected to be higher for the moving pres-
entation mode, and this is exactly what Erick-
son (1964) found.

Both Erickson and the present experimenter
noted that at excessively fast rates, observers
have difficulty in searching only the lead edge.

-;7
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Instead they begin to follow the rapidly mov-
irig image across the display. The absolute
value where this occurs is not known, but it
could be reclated to the velocity at which blur
begins to have a noticcable cflect and the ob-
server attempts to track the image to compen-

" sate for the movement,

The blurring cifect of movement could have

“an cffect once the search phase of the task is-

over and ihe observer must study particular
patterns “in finer detail, This was not con-
sidered in the present studies. However, if this
task were required, once the target had been

found, the display could be turned off and the

imagery studied statically if nccessary.

But short observation times are not the only
disturbing factor in this reconnaissance task.
Longer observation times may also result in a
performance decrement as an effect of the
difficulty of maintaining a sustained vigilance.
In this cxperiment, the longest observation
period was 24 minutes. Although there were
many more targets in this laboratory study
than might be expected under field conditions.
subjects reported feeling drowsy and of
“blocking” while monitoring the continuously
moving display over the longer time periods.
With marginal targets, even at speeds in which
there is sufficient time to study a display
thoroughly, targets may be missed if the over-
all situation creates suboptimum levels of
alertness in the observer.

Tasks. The task of the present study was
one of target recognition. As stated earlier,
the targets were clearly defined and readily
recognizable once they were fixated foveally.
Detailed examination was not required.

An exploratory investigation has been made
comparing the moving and static presentation
modes when the task was one of finding a
target area. Tentative results suggest that the
static, sequential frame mode may be preferred
at the faster viewing rates. Aerial photographs
covering nearly forty thousand square miles

were used to simulate the view from an orbit-

ing spacecraft through an optical telescope.
For this situation, target area acquisiton relied
primarily upon the recognition of gross terrain
features and relatively few man-made objects.

: CIA-RDP78B04770A001900020031-7
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To accomplish this it was nccessary that rivers
and mountain patterns, for example, be ex-
amined over areas which could not bc encom-

passed in one or a few visual fixations, and ,

that numerous similar appearing features be
studicd and rejected before finding the correct
oncs. Observing these complex patterns ap-
peared more casily accomplished when  the
image was static than by scarching the lead
edge of a moving display,* Furthermore, if
cleurly visible check-polnis of known spuce-
time distances from the target area were found,
the static, sequential frame presentation mode
facilitated keeping track of the time interval
more easily than did the continuously moving
mode.

Although it is true that a continuously
changing display does allow a continuity for
following prebricfed terrain features into the
target arca while sequentially presented static

frames conceivably could break up this con-.

tinuity and the target arca pattern, this dis-
advantage of the static mode scems outweighed
by its advantages. Also, the continuity of the
static presentation mode can be improved if
there is not a one-hundred percent change in
the image from frame to frame.

Partial Static Presentation Modes. Most of
the disadvantages of the static prescntation
mode and the differences in performance be-
tween it and the moving presentation mode
possibly may be removed if the frame-by-
frame change is only a partial one each time.
For example, if instead of each frame chang-
ing to a completely new image per frame the
change would occur when only twenty-five per-

cent of the image is new, several effects occur..

First of all, the time available for each new
portion is reduced proportionately from the
total time that would be available if the entire
frame had changed.' Second, however, the ob-
server would have a proportionately smaller
area to study, and what is more important, he
may now essentially duplicate the scan mode
that proved optimal with the moving presenta-
tion mode, i.e., scan primarily along the lead

edge. Furthermore, if the optimum percent of

4 Presumably a similar effect might be noted if
targets were complex and ill-defined.
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CHARIES W. SIMON

partial frame change could be determined—
relative to the width of the elfective cone of
vision—the sequential series of static changes
may scrve to better pace the obscrver and to
delincate his scan without introducing the
tendency for the cyes to foliow the imagery as
in the moving presentation mode. This might
improve performance at the faster rates.

* \Whether or not these speculations are true is

an empirical question to be determined in a

" subsequent study.
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iNFORMATION DISPLAY
“'Photometric Units”

Introduction

Display device and system parameters
are of two types: :

{i) Those pertaining to system inte-

wHon requirements with associ-
ated environmeatal and logistic
considerations.
{2) Those pertaining to the interface
with the observer,

The {ivst category consists of such
items as physical size, weight, power,
signal levels, symbol encoding, interface
requirements, temperature, humidity,

shock, vibradion, cost, reliability (MTBIF),

and maintainability (MTTR).

The sccond category includes such fac-

The sceond category inciudes such iac
tors as brighiness, contrast, color capa-
bility, resolution, viewing distance, and
viewing angic.

1 of thosa narameters are either avail

All of these paramcters are eitner avali-
Wle from the manuiacturer (many must,
ol cowrse, be properly discounted) or
may be tested divectly.

T is uot the intent of this paper to

-
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duplicate detailed descriptive material
which is alrcady easily available and well
presented in the current literature, For
example, several good articles describe,
in some detail, techniques for CRT char-
acter generation; others describe alpha-
numeric indicators, cte. Furthermore, it
would be impractical to attempt to tabu-
late operating parameters for all cur-
rently available displays here. Several
extremely good summaries are readily
available, although even these sulfer
from some incompletencss, It is, how-
ever, the purpose of this paper to present
a quantitative discussion of the physical
units and psycho-physical significance of
those parameters peculiar to display tech-
nology.

Since the function of a display unit is
to trausfor information to the operator by
visual sensing, it is important to. consider
those paramcters that determine the capa-
bility of the human eye to perceive infor-
mation. Therefore, the following scction
discusses those [actors that arc important
to the visual perception of information.
A definition of cach factor is given, and
a discussion of the way in which it re-
lates to the evaluation of display devices
is included.

Brightness and Contrast
Contrast, not brightness, is the sigui-

ficant factor in display legibility. Bright-

ness is generally specified because it is
dependent only on the equipment, where-
as contrast is generally a function of
ambient lighting, Brightness is also speci-
ficd because it would seem that the high-
er the brightness, the greater the visibility
under higher ambient light. This is not
nceessarily true, since some displays of

-

lower intrinsic brightness have betler
visibility than far brighter ones. (Sce
Tables 1 and 2).

Furthermore, unnccessarily high bright-
ness may be a luxury where ambicnt
light is subject to control, since it fas
been determined cexperimentaily thit
whare observers have control over anbi-
ent lighting for reading they tend o
choose lower values than are generally
considered optimum, For example, under
a controlled test’, when the maximun
available illuminations were 10, 30, and
45 foot-candles, the observers sclected 3,
19, and 16 foot-candles as the optimum
values.

The required brightness of a displuy
should be obtained by the following pro-
cedure. First, select (preferably at the
lowest acceptable level) the ambicnt
light desired at the work station, and by
means of a mockup measure the ambient
light falling on the display surface. The
source(s) of ambient illumination shou'd
be relocated, collimated or otherwise
shiclded to reduce this to o miuimm.
Acceptable contrast ratios are: for whiie,
symbols on a black background, 5 to L
for line drawings or text on a white
background, 25 to 1; for pictorial scenes,
100 to 1.

From a knowledge of the reflectivity
of the display surface (unless it is glossy,
unity is a consarvative - estimate), e
brightness of the background is obtained,
and multiplication by the desived con-
trast ratio will specily the brightness ve-
quired of the symbols. For cxampic, if
the ambient illwmination on an clectin-
luminescent alphanumeric display whose
luminance is 10 foot-lamberts can e’
held below two foot-candies, the resultizg
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314 optical-line pairs Detailed alphanumeric 7 TV-line representation
TIGURE 1: Character representation. !
TABLE 1

Typical Brightness (foot-lamberts)*

Surface of the sun 4.3 x 10¢

Surface of a 60-watt frosted incandescent bulb (“hot spot”) 36,000

Surface of a 60-watt “white” incandescent bulb 9,080
Surface of a 15-watt fluorescent fube » 3,000,
White paper in direct sunlight o _ 9,000
Clear sky . e : 2,000
Surface of moon, bright area 750
White paper on office desk ' . 25
Pulsed electroluminescent mosaic panel 20
Television raster 20

Light valve, 10- by 10-foot diffusing screen, 2-kilowait lamp 20

Theatre screen open gate 16

Note that pulsed electroluminescent mosaic panels have brightness comparable with television
raster or opengate theatre screens.

*Brightness values, compiled from:
(1) D. G. Fink, TELEVISION ENGINEERING HANDBOOK, McGraw-Hill, 1959.
(2) 1ES LIGHTING HANDBOOK, THIRD EDITION, lluminating Engineering Society, 1959.
(3) REFERENCE DATA FOR RADIO ENGINEERS, 1. T. and T. Corp., 1949.
(4) Measurements and Caleulations by the Authors.
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FIGURE 2: Full 5 x 7 dot mosaic (35 elements,
fuil aiphanumeric).

wi of 5 w0 1 will be adequate for

If, however, the observer is working
at a desk where the illumination is 50
foot-candles, o sheet of white paper will
have a luminance of 40 foot-lamberts
and the 4-to-1 brightness difference be-
tween paper and display may prove an-
noviz Since the display brightness
c ve raised, the working lghting
can be reduced. If the observer is given
controi over the ambient lighting, he
will find an optimum (for him) working

N .
HAYN

W

5]

I

&
-
<

o

Size-Resoiution-Legibility
Aesolution is generally described in
terias of line pairs per millimeter (lines/
miliimeer). The average observer can
resolve two Iines that subtend an angle at
the observer's eye of one minute. Since
< minute of are = 0.0003 radian, the eye
vesolves at a viewing distance of, 10
inches (250 millimeters) about 13 lines/

There is some confusion in the litera-
ture between optical lines and television

lines. Optical lines are synonomous with

dne pairs (i.e, an optical line consists
5 a Black and whit ir). To sh

oz a black and white pair). To show one
ine pair on a television raster requires

at lcast two television lines. Because the.

optical line pair may not coincide with
FIGURZ 5: Numerics using reduced 4 x 7 dot

O
O
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O O
COOOC OO0
@]
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O

FIGURE 3: Reduced 5 x 7 dot mosaic (27 ele-
ments, numeric only).

TABLE 2
Contrast Levels

Textual copy

(white on dark) 5-10 to 1*

Line drawings and black
on white text 25 t0 1

Photographs 100 to 1

*legibility of fine detail degrades with
increasing contrast if the eye is adapted
to darker background level, because of
dazzle effect.

the raster lines, more than two telovision
lines are required. The correction factor
of 1.4 is called the Kell factor, Thus,
one optical line pair requires 2.8 tele-
vision lines, for fuil resolution.
Resolution in terms of line pairs is

significant for display purposes only |

when photographs are shown, where the
observer is required to distinguish be-
tween two close objects. Actually, if the
existence or nonexistence of a black line
on a white background is to be deter-
‘mined, the line need subtend an angle
of only 0.5 second at the eye.

O
(@]

CO OO O.o0
O O
o O
OCOCOOOCO

FIGURE 4: Reduced 4 x 7 ot mosaic (20 ele-
ments, numeric oniy).

If alphanumerics are to be legible, the

vertical angle subtended at the eye
should be at least” 10 minutes of arc.
Since 10 minutes of arc are approximate-
ly 1/360 radian, for cach foot of viewing
distance the character must be at least

1730 inch in beight. While the eye cun

resolve 10 optical line pairs in 10 min-
utes of arce, this does not mean that the
detail present in an alphanumeric charac-

ter requires 10 line pairs for legible pres- !
B

entation.

An examination of the “E” shown in
Figure 1 reveals that no more than 3.3
optical line pairs are required. The seven-
television-line representation of the “E”
on the right side of the figure may ap-
pear somewhat crude when viewed close-
up, but when viewed from a distance at
which the lines are not resolved, it is
quite icgible.

Although the number of television lines’

used is just twice the number of optical
line pairs for the iMustration, near per-
fect registration of the raster scan to the

. figure being displayed was assumed. To

take care of the misrcgistration problem,

the Kell factor (2.8) is introduced. The

product of 3.5 (the number of optical
lines required) by 2.8 (the Kell factor)
is very nearly 10, the number of tele-

vision lines required to present a charac-

ter of good legibility.

tember/Oct G,

maosaic.

0 GCO 000 0O O 0000 - 00 0000 00 00 Co
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G GG o0 0000 GO0 0G0 0 Q0 CCO O 0

0 O 0 0 0 0 0 0 0 0 0 0 0
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G 010:070] 0G0 0 000 00 - C 0C GO 00
F % “D,f”\’};;lyls'l,l’,‘\'}f;f"i‘ ';,;‘,“1&;“2;}‘355_’ D, G. Fink, Teleuision  Engincering Hundbook,

McGCraw-Hill, 1959,
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ility of the characters
civ structure, there is no
agreement on the optimum
ape. Among the recommend-
oG shapes are the following:

{1} Modified gothic {sans serif) char-
acter of neight/width ratio of 3
to 2 {or most letters, with the ex-
cepiion of I, M, and W, and a
stroke width of ¥ of the character
widih,

The same as above, but with a
Lcight/widih ratio of 5 to 3 and
& stroko width of 1/6 to 1/8 of
¢ character heizht ( MIL-SPEC-

QoTTON
D300 .,

—
bo
~—

The authors prefer the 3 to 2 height/
width ratio with a bolder stroke, say 1/68
of the character width. The character is
; o

aien nine strokes 5770 U strokes wide.

parity and clock bits, These six bits per-
mit display of a maximuni of 63 charac-
ters (or 64 if the “blank” is counted).
This number can include 26 alphas, 10
numeries, and up to 27 special symbols,
including punctuation marks, etc.

While the 6-bit code can be decoded
into 64 “lines,” onc per possible charac-
ter, in many display applications it is
found more desirable to reduce the num-
ber of deccoded lines by assembling the
characters from a smaller number of cle-
mentary clements, as, for example, by
a dot or stroke mosaic.

Dot mosaics :

The coarsest mosaic that is capable of
providing easily - legible alphanumeric
symbols is a 3- by 7-dot mosaic, as shown
in Figure 2. Here, only 35 decoded lines
are required. If only numerics and a
limited number of symbols arc required

A001900020031-7

depending on the manufucturer, Theo
bars, strokes, or segments arc arringed
in & pattern similar 0 oune of those
shown in Figure 6.

The exact shape varies from one man-
ufacturer to another, with some rounding
of corners and minor variations in the
way adjacent segments join.

The segments may be electrolumines-
cent strips, clectrochemical cells or cath-
odes in a glow discharze tube, or they
may bo trans-illuminated by neon or in-
candescent lamps. The power require-
ments, luminosity, and color difier in
cach method of implementation.

The characters are nearly as legible us
thoso made from a 5- by 7-dot mosaic,
but logic (switching) requirements are
reduced from 35 inputs for the full 5-
by-7 matrix to 16, 14, 9, or 7, depending
on the type of bar matrix chosen. A deci-

e

/
/ /

(&) The double-
hung window (sev-
eiements, nu-
meric only).

A

(b) The double-
hung window (nine
elements).

(c) The starburst (14 elements, full
alphanumerics; aiso availzble is a
16-element starburst with the upper
and lower horizontal elements split).

NOTE: Segments may be electrolum-
inescent, gas tube cathodes, electro-
fluors, or illuminated by incandes-
cent or neon lamps.

FiGURL 81 Segmented characier formats.
A minimaum of two stroke widths should

Special Character Shapes

Wkile well shased gothic characters:

“re most attractive and are generally
ed upon as vroviding the ultimate in
iegibility, certain types of display imple-
mienation preciude their use. Instead,
ciwcy present characters of a stylized
siape made up of discrete elements.
Oace these are “learncd” they become
wearly as legible as the pure gothic to
wiich they are an approximation. De-

vices In this class use either dot or stroke

wosaices, as discussed below. .
“he primary reasons for the adoption
D idwse tyzes of characters are economy

iy apparent from the following con-
Sderations. Alphanumerie data are stored
fed processed in Cata processors in data
Sy coded form, requiring a minimum
olosix bBits ner character  avalneiua AL

city of implementation, as is

(e.g, +, —, ., etc.), some of the ecle-
ments are not required, and the number

of lines may be reduced to 27, as shown

in Figure 3.

For numerics only, the reduced 4- by
7-mosaic shown in Figure 4 is satisfao-
tory. This mosaic requires only 20 lines.
In general, dot mosaics present better
appearing characters than stroke mosaics,
but stroke matrices ave more cconomical
in the sense that fewer lines are recuired,
However, stroke matrices with as many
as 35 specially shaped elements have

been devised; these give extremely good-

characters, far better appearing than the
dot matrix, with no more operating com-
plexity. The elements may also be ar-
ranged in a parallelogram rather than in
a rectangle to provide sloped or “italic”
characters, -
Stroke mosaics

This type of character presentation is
known variously as the bar matrix, the

. 3

mal point or underline bar may be added
in some instances, The same height/
width/stroke ratios apply as for shaped
charactess,
Screen Characteristics

The length-lambert units of the previ-
ous scction are defined by defining th
luminance of a perfect diffuser, approxi-

-mated by a fresh chalk surface, to be

numerically equal to the incident illumi-
nation in length-candles (e.g., a perfect
diffuser in bright sunlight is illuminated
by 9000 foot-candles and has a lurai-
nance of 9000 foot-lamberts as seen from
any direction).

For other-than-perfect diffusers, a re-
flectivity factor is used ‘o obtain the
luminance. Note that the reflectivity
nieed not be less than unity and it may
vary with direction.

For specular reflection the luminance
of the reflected image is that of the
source itself. If the perfect diffuser in the-
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H

sor, e luminance of the mirror s
23 x 10 {oot-famberts (same as the solar
axis of the reflected rays
oii-axis. Thus, the reflectivity
’ oi‘ thc mirror i this case is a

oiy peaked function with a maximum
Vi of (-}' S x 10")/9000 or greater than

.. 71N
woA U,

R TS N
suriace; on the

Zirectional screen with flaked alumi-
surfaces (to give high gains) are
ntiy used to obtain greater image
oess, but at the price of a restrict-
o viewing angle. An increase of granu-
larity in the aluminum paint provides a
crenter viewing angle; or the surface
ey be cmx)ossed with tiny convex mir-
rors, wii.cin will not be visible at normal
viewing distances.

“he mirrors spread the incident para-
licl rays intc o cone generally of rec-
angular cross-section, to cover the audi-

cnce space desived. The angles of the’

cone are simply related to the width or
height and focal length of the tiny mir-
rors.

An analogous situation holds for rear-
j ctz‘on screens, The analog of a per-

iirror Is a clear layer. Either more
usion or a’ lenticular structure may
be used to provide the desired spread of
ight. Except for very small screens (i.e.,
hose subtending a small angle at both
¢ and houlc«,), gains greater than 2 to
‘oduce visible and annoying “hot-

»

rmity of Luminance
nrojection screen (either front - or
rear; will not be uniformly luminous over
s entive surface, although for all prac-

I purposes it may appear so. In this
section, the rcasons for non-uniformity
amd Ajmctica\l liraits are discussed,

The two major causes for screen fall-
oif arer (1) lack of uniformity in illumi-
aation, and (2) the variation of gain
with the angle between line of sight and
the reiflected or transmitted projection
ray. This angle is called bend-angle.

Tlumination fall-off is primarily due to
a cos' @ factor which enters when a
{inite-area lamp source and conventional
optics are used in the projector. The
angle @ is the half-angle subtended by
tiie screen at the projector. With small
sources and aspherical optics, the factor
winy be increased, pcxhaps to cos” @ or
better, but at a cost’. The easiest cure
is to reduce @ by increasing the projec-
tion distance. If space is limited, a fold-
cd optical path may be required.

Zven with "o uniformly illuminated
screen, the illuminance will fall off with
bend-angle, unless the screen is a por-
fect diffuser (constant gain). The angle
at which the gain is one-half its peak
value is calicd the hall-power, or 50%

aat Weiss,  “Wide bx.run ylide “o((.tmn,
..“u‘I)Ax)um/ Vol. 1, No. 1, pp 8-15, Sep-

“neutral density filter.

bend-angle. Iicher gains mean smaller
half-power bend-angles, unless the gain
is deliberately lowered by the addition of
light absorbing material for contrast con-
trol (sce below),

While the cye is extremely seusitive 1o
luminance differences in adjacent areas,
it is relatively insensitive to a gradual 2-
to-1 variation over a large arca. For this
reason, a 2-to-1 variation in screen lumi-
nance is gencrvally acceptable, and even
a 3-to-1 variation will go unnoticed by
the casual observer, Thercfore, the re-
striction to a 30% fall-off (often scen in
display specifications) is a luxury that
the cyc does not appreciate; a 50% full-
off is a much more reasonable specifi-
cation value.

Contrast Control

From a knowledge of the mucknt il-
lumination and the screen gain in the
direction of view, the luminance is cal-
culated by a simple multiplication. Un-
fortunately, ambient light is also reflected
back to the observer, adding to both
highlighting and shadow luminances, thus
reducing their ratio (the “contrast”).

With a front-projection sercen the only
effective means of control is to usc a
high-gain (dircctive) screen, placing the
observer on the reflected projector ray
and avoiding all ambient light sources
in the ncighborhood of the projector.
Only scattered ambient light will then
degrade the contrast. This dirvectivity ex-
plains the cffcctiveness of the currently
popular lenticular sereen for home pro-
jection use. The lenticules direct the re-
flocted light primarily into a sharply
defined rectangular cone, with sharp fall-
off outside, rather than into a broader
region with gradual fall-off. ‘

With rear-projection screen, more free-
dom is permitted in contrast control. A
high-gain screen is inherently a poor re-
flector; hence, contrast is immediately
enhanced, even with light sources on the
line of sight. As the gain is veduced by
increasing diffusion to provide the de-

sired viewing angle, the {ront reflectivity”

is, unfortunately, increased.

The reflectivity may, in turn, be low-

ered by adding opa('ue material or ]
This reduces the
gain but does not change the bend-angle
as in the case of increasing diffusion. The
effect of the filter is discussed further
under the section on pxomctnon systems
which follows,

Projection System Parameters

In projection systems the amount of
light reaching the projection screen is a
function of a number of parameters, but
for well designed optical systems cer-
tain rules of thumb are app 1mble Sev-
eral useful ones are:

(1) A light valve tclevision system
usmg A xenon arc Iamp Ia«; an

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031-7

lumens/watt.

(2) A 35-mm slide projector using an’
incandescent lamp has an output
of between 1 and 2 lumens/wait.

These are typical figures only, and the
upper or lower limits may be exceeded
by cxceptionally well dcwmc" or by
poorly adjusted equipments.

For a uniformly diffusing matte screen,
the screen bm_,htncss in foot slamberts is
ecual to the luminous output of the pro-
jector divided by the screen area in
square feet. For example, the screen
brightness produced by a 2000-watt
xenon light valve operating at an output
of one lumen/watt on a 10-foot square
screen is 20 foot-lamberts.

Both front- and recar-projection screens
may appear either 1)115]1&1 or chmmcr
than a uniform  diffuser, depending on
the nature of the screen and the line of
view. The ratio of brightness to lumi-
nance Is a maximum when the line of
view extends directly back to the pro-
jector .for a rear-projection screen, or
along the reflected ray from the projec-
tor for a front-projection screen.

This maximum value is referred to as
the gain of the sercen. Typical useful
screen gains line in the range of 0.5 to
2.0, although higher-gain screens are
used when the restricted viewing angles
associated with them are neot objection-
able or are desirable. .

The higher the screen gain the higher
the contrast, in gencral, for both front-
and rear-projection screens. This is truc
for vear-projection screens, since the re-
flection of ambient light from the frout
suwrface is low with high-gain screens.
For front-projection screens, the direct-
ivity of higher-gain screens is such that
off-axis ambient light is not directed into
the viewing area.

An additional degree of contrast con-
trol is available with rear-projection
screens, in that a ncutral density face-
plate may be incorporated. If the {one-
way) transmission is x%, the two—w;xy
attenuation of reilected light is x*% A
30% neutral density .xu,p].ltc thus atten-
uates the projected beam by a factor of
two and the undesirable ambicont reflec-.
tion by a factor of {our.

Because of all the variables introduced
by the screen parameters and the ane
bient lighting conditions, it is not prac-
ticable to specily brig Thtncss and contrast
values for a projection system without
defining the viewing conditions. It is for
this reason that projection systaias are,
best defined in terms of lumens output,

" Brightness in foot-lamberts {or a unity-
gain screen is obtained by dividing the
lumen output by the screcen area in

juare feet, Contrast is obtained by mnl-
tiplying the ambient light in foot-candles
by the screen reflectivity cocr'iciwt and
comf)uting the ratio of “lght” to “durk”
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goember 101 GRAINLIEESS SCREENS FOR
Sective duration we mean the time duving which the
asive speed ix less than the mintmum for which the
=y elfect occurs.

wure 2 shows an artachment we have constructed
‘¢ o microscope, using this principle; the front scréen
oves s0 that cach point on it describes a circle of about
wmm radius in a few seconds. The gap between the two
Lreens 1 adjustable and we have found that a separa-
“anof up to a quarter of a millimeter has no discernible
Aecton the quality of the image. An alternative way of
suving one screen s to vibrate it at ac-power-line fre-
uency with an amplitude of about 0.5 mm; this is just
eliective as the slowly moving rotating screen'and
wrhaps slightly simpler and cheaper.

“With this system we have found that an over-all -

sagniication of 1000 pu‘mils the finest detail resolvable
v means of an oil-immersion objective to be scen as
. u‘rlv as by direct viewing and the screen luminance is

creased to about 0.002 sulb. A further fourfold
sorease in luminance is obtained if ‘the screens are
ahed to increase the forward transmission, as pro-
‘m.(d by Dyson?; the etching produces a clearly visible
sructure on the screens which can be seen moving, but
Lihough' this may be slightly distracting to the ob-
wiver it does not impair the resolution of detail in the
‘mage. On account of the strongly peaked polar diagram -
{ these screens it is desirable to use a ficld lens as
adicated in Fig. 2 in order to obtain a uniformly
Huminated field of view. '

Analternative proposal for a grainless screen is to use
csingle rather rapidly moving screen®; we have tried
Misin the form of a dm]\—.shllpgd screen revolving in its

-en plane and we have found that although an improve- -

wnt in definivion of the image was obtained it was not
«marked as for the double screens. The steady move-
wnt of the sereen through the field of view was always
siced and this was distracting, but worse still was the
o that large-scale varfations in scattering over the
~teent =howed up as a flicker witli the period of rotation
ai this could only be climinated by using a speed of

+J. Dyson, J. Opt. Soc. Am. 50, 519 (1960).

N I \Iason Britigh Patent 390 981 (1947) Sece also E. Lau
. Reinitz: “Opu.\ aller Wc]lenhngul“ p. 229 (Berlin, 1959)
. Lau and R. Schalge, I’ cmgcmtetcchmk 7,121 (1958)

[ SN

} grant from the National Coal Board, but the opinions

A

MICROSCOPY 1423

7 , S

PROJECTION

e

o

F16. 2. Grainless screen. Light from the microscope eycpiece
(lower right) after yeilection trom three mirrors forms the image

on two ground glass screenis (upper center) nearly in contact. The et
image may be viewed through a ficld lens (upper right) if the NN
screens ate etched for high {orward transmittance. ‘The ground- e

glass screen nearest- the ‘observer undergoes cxrcular translation
i its own plane at about 20 rpm from the motor drive (bottom
center). In an alternative arrangement the moving screen is
oscillated in its own plane at ac-power-line frequency.

rotation ubove about 30 rps, a rather high speed for a
thin disk of glass. A single, rapidly oscilluting screcn
was found to bc quite useless.

To summarize, we have found the best results by
using two screens scparated by not more than 0.25 mm
and with relative speed exceeding 1 mm/sec. :
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Grainless Screens for Projection Microscopy

[ Doarvek, C. J. Do spancir, axp W, T, Wiknrorn,
Teehnical Optics Scetion, L perial College, London, SA4V.7

AND

C. N, Ricitosn
The Orangery, Kelvedon, Essex

(Received June 13, 1961)

(f)
/B;lck-projcction screens [or projection microscopy with high Tuminance and no loss of definition are

described; the screen grain is removed by the slow relative movement of two ground-glass screens placed

face to face.

TN routine sizing and counting of coal dust samples at
A4 National Coal Board Arca Laboratories il is neces-
sary to count particles as small as 0.5 u. This is at pres-
ent done with a projection microscope of conventional
design with an opaque screen for [ront projection. In
seeking ways to improve this technique we noticed that
the picture had to be at least S0 cm from the eye because
of physical obstruction of the view by the microscope,
so that the magnification uscd was high, usually about
3000; the picture luminance was therefore very low,
about 0.0002 stilb (candle/em?), with a 250-w high-
pressure mercury lamp as light source.! At this low
luminance the Fechner fraction is about twice its normal
value? and the visual acuity is halved,® so that it is
clearly desirable to increase the luminance considerably.

The obvious way to do thisis to use a back-projection
screen, so that the distance from the eye to the screen
can be considerably reduced, the magnification reduced
and the luminance correspondingly increased; but if
this is done we find that the grain of the projection
screen obscures the detail in the image. All projection
screens have a more or less grainy, sparkling appearance,
and the scale of the grainy appearance is considerably
larger than that of the actual grain in the material. For
example, Fig. 1 shows part of a microphotometer trace
across a ground glass screen obtained by using a scan-

i |
1

n !
| W

I16. 1. Microphotometer trace across fine, ground-glass screen.
Tlluminating and collecting apertures both f/30, scanning spot
1004 square. The horizontal line at the top corresponds to 1 mm
on the ground-glass screen.

! This source has a luminance of 20 000 stilbs and the theoretical
scréen luminance under the conditions of use described above is
0.006 stilb; the difference may reasonably be ascribed to reflection
and absorption Josses and to the difficulty of completely filling the
condenscr aperture with the image of the part of the source of
maximum luminance. '

28, Hecht, J. gen. Physiol. 7, 235 (1924).

" # 8. Hecht, Arch, Opthalmol. 57, 564 (1928).

ning spot 100 x square and illuminating and colleeting
beams of N. A. 0.006; the standard deviation of he.
fluctuations in transmittance is +£23% and it can be
scen that the scale of the irregularities is such that detaii
several hundred microns across would be obscurcd
although the.glass was “smoothed” (i.c., ground withthe
finest grade of emery as the last stage before polishing)
and the grain size of the emery was only about 10 4,
The magnitude of the eflcct also depends on the numer
ical aperture of the illuminating and collecting beams,
the values being chosen here to correspond approxi.
mately to conditions in projection microscopy.

This difficulty of graininess with small numerical
aperture of the illuminating beam is found with all kinds
of screens to a greater or less extent and it is probably
unavoidable. A screen must have irregularities several
microns in size if it s to scatter at all and these must be
arranged In a random manner so that the screen does

" not become simply a two-dimensional diffraction gral-

ing; it is presumably the lincar scale of the random
variations in the screen structure which gives rise to the
scen graininess, just as the graininess in a photographic
emulsion corresponds not to individual grains of silver
but to variations in grain density and clumping.

In order to circumvent this difficulty we have there
fore applied an old ideat for a grainless screen to be used
in engincering gauge projectors, ete. In this system two
ground-glass screens are placed with their ground sur
faces almost in contact and one is moved slowly in its
own plane relative to the other; the sparkle and graini-
ness are continually changing and are smoothed out by
persistence of vision Lo give a perfectly grainless, smooth
screen. The effcct is quite startling for low-confrus
objects of which the images arc less than a millimeter in
size on the screen, such objects are almost invisibie
when the screens are stationary but become brillianty
clear when the movement is started. The relative specd
of the screens needs only to be quite slow, about 1 mm;
scc, but the motion must be such that there are mo
stationary points or else if such a point does occur its
effective duration must be less than, say, 1/235 sec; by

4T, A. MacAdam and Taylor, Taylor & Hobson Limited.
British patent 592,815 (1947). See also K. J. Habell and A, Cov. "
Lngineering Oplics (Pitman DPublishing Corporation, New York. -
1948), p. 273. ‘
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ments of two or three times the Hmiting
value will result in” acceptable dispiays,
and greater than about five tines will
produce an objectionably “grainy” dis-
play. Thus it can be scen that for CRT
displays the usual spot size ranze of 5
to 20 mils is quite compatible with the
visual perception requirements of a con-
sole display.

The same procedure can be uscd to
determine element size for group dis-
plays. Figure 1 shows that a tvpical ac-
ceptable clement size range is 0.2 to 0.5
inch for a vicwing distance of 30 fect.

Symboi Size

For the special, but rather important .

casc where the display format is com-
prised largely of symbology, a determin-
ation can be made of the required
symbol size for a given viewing distunce.
Assuming that the desived symbols can

be formed from a matrix having no more

than 10 x 10 clements,.a symbal will
visually subtend 10 minutes of are in
the limiting resolution case. Actually,
while recognition of symbol form can of-

ten be made below this limit, smaller

symbols would not normally be used,
Symbols of three to five times the mini-
mum size are usually acceptable, but will
degrade the maximum display data capa-
bility.

The relationship of symbol size to view-
ing distance is indicated in Figurc 2. For
console displays, a symbo! size range
of 0.05 to 0.25 inch is appropriate, while-
for a group display viewed at 30 {eet,
the range is 1.0 to 5.0 inches.

Line Resolution
It is sometimes convenient to specify
display resolution in terras of lines: the
number of horizontal lines in a TV rast-
er, or the number of resolvable line pairs
in a specified distance, as used for mieas-

_uring photographic resolution. Figure 3

shows the relationship of the total num-
ber of vertical elements or horizoncal
raster lines in a display to the display
height and element size. The equivalent
number of line pairs is, of course, one-
half the number of clements or raster
lines, _

Determination is made of the number
of vertical elements or raster lines in con-
formance with the positional accuracy or
resolution requircments of the displayed
data. Having determined this, the maxi-
mum clement size can be found for any
specific screen height,

Examples: For a typical 500-line TV
screen with a height of 13 inches, the
maximum element size is 25 mils (sce
Figure 3) which is consistent with ihe
spot size of normal TV CRT's. Situation
type data displays usually require a reso-
lution and differential position diserim-
inabikity. However, equipment limita-
tions have often resulted in the usc of
fewer than the optimum number of lines.

-RDP78B04770A001900020031-7
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10&¢
unt of information which can
by a symbology format is
i to the total number of dis-
bols which can be simultane-
cd. To determine this num-
wiysis is first made based on an
u...y of Ad)acentlv placed, non-

square - u.s')](.y suriace.
an approach to the prob-
uy umnu uted syr sbols is
ol on acceptable levels
oy symbol overlap for vari-
y icad factors.
Orderea Symasi Arrays

For an ordered array we will consider

two cases: an array of rectangular sym-
bols spaced vertically and horizontally,

ous &

as tymfled by an ~'hanumeric message -

-orfnm, and an .o

RYmBGls, renreser

2 wx adjacent square
ig the maximum num-
»ping symbols possible
.or @ siiuation display.

aweeianzuins Symiols

For this case, rectangular symbols with
a height H and width of 0.65H are used,
and are spaced vertically by 0.5H and
horizontally by 0.1F

Thus, each symbo] occupies an area
uf O7oA1 by 1 . If the symbol height
O minutes of arc for
: then the total sym-
;J. avca will subte nd 7.5 by 15 minutes
For a square screen having a side
n S, it can be shown T2 that
Cer N of symbols of limiting
on witich can be accommodated
by the relation

Py -2 .
No= [22Y x 105 (2)

where /S is the ratio of viewing dis-
tance 1o screen size.

.,:,uaae Symbois

I are “u izcent symbols, which vis-
10 minutes of arc for eac‘l_
sice are used, the maximum number is

v

Ziven by «

-2
N = /—*f-) x 1LIx 105 (3)

Practical limits for the value of D/S
normally He in the range between 1 and
Z. Plots of ecuations (2) and (3), given
“demonstrate that maximum
ol populations are between 4 x 108

:,i & for normal values of D/S. While
c.2s52 values are attainable for ordered
{znats, a more complex problem is posed
viacre symoon are ra*momly nositioned,
as in a typical situation dxsplay.
aandem Symbel Arrays

An approach to this problem was made
oy co*xsmermr! & square matrix of M

~G56L sympol positions and having N sym-
Lols of sq _me shane r'mdomly placed

wmbols occupying the en--

S=n, [1.5H]

e P A AR O A A RS i b B 5

l

" FIGURE A-1

expression was derived3 for the mean
value of the probability that two or more
symbols would occupy the same position
as a function of the display load ratio
N/M. In Figure 5 the mean value of the
percentage of overlapping symbols is
plotted as.a function of the load ratio.
The series expression for the distribution
of this probability function is not easily
evaluated, but is expected to be rather
broad. Inspection of Figure 5 indicates
that for these conditions, the mean over-

“lap percentage is equal to half the load

percentage. Extrapolation of this data is
difficult, since neither the overlap distri-
bution function nor the analysis of par-
tial overlap.situations is readily subject
to analytical expression. However, it
might reasonably be postulated that load

values of one to five percent would re-

sult in acceptably small overlap percent-
ages for typical applications.

For a specific set of conditions, a more

" exact analysis can be effected by use of

Monte Carlo techniques in conjunction
with suitable computer programs which
take into consideration various data for-
mats, format distributions, and the de-
gree to which data is not rfmdomly posi-

tioned. Having this type of data, realistic -
maximum display load values can be-

specified for various degrees of data
degradation caused by symbol overlaps.

Conclusion
It should be rcalmed that while the

~—O.75H

- S=n, [0.75H] |

“relation  between minimum

Y

mate determination of values for such
major display parameters as overall size,
resolution, symbol size and maximum in-
formation content, there always remains
the necessity to consider system infor-
mation requirements st the man-display
interface, and other psycho-physical lim-
itations of perception which may pre-
clude use of the maximum physical capa-
bilitics of the display system.

Appendix A: Determination of Maxi-
mum number of Symbols of Limiting
Resolution that can Occupy a Square
Screen

Equation 1 of the text showed that the
resolvable
element size and viewing distance D
is :
e = 0.0003 D (1)
For a symbol of height H which is 10
times e, the relation between symbol

‘size H and viewing distance D is there- .
fore

e = 0.003 D (A1)

- It is this relation: whxch is *)lot«,d in

Figure 2.

A%ummb a rectangular symbol having
a height H and a width of 0.65H, which

is a typical proportion for alphamuimeric

characters, we can establish nominul hovi-
zontal and vertical separations of 0.1H

-and (.5H, respectively. Thus, cach sym-

- 1. - See Appendix A.

2. These relations strictly hold only for viewing
tne screen at a normal angle.

DecIaSS|f|ed in Part - Sanltlzed Copy Approved for Release 2012/04/23 : CIA- RDP78BO47_7_0A001900020031 -7



Decle;ssified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031-7

! v N=n |2
- | X
. |
b
) SO -
SIGURE A-2 . - S=npH >

“ol oceupies an arca of 0.75H by 1.5H.
i bols comprise wae total area
ol & square screen having a side dimen-
& S, as in Figure A-l, the total num-

i nan
[P

noors aiong the vertical and hori-
zontal sices, 0y and n,. However, n, and
cre related by the proportion of the

2 80 kax

o=, e = 20,
(A2)
2
N =15, %x0, = 2n,.
(A3)
T
e i.5H
' (A4)
s& wiat {A3) bGecomes
H 2
. S - S
N=2 2] =0 [-5]
(A5)

Substituting (Al) for H gives

) x 108
(A8)

relctes the maximum number of
aily ciscriminable symbols to the

C s s wiil be the product of .

For the case of square symbols of

height H adjacently located on a square |

screen having a side dimension S, as in
Figure A-2, the total number of discrim-
inable symbols is :

2

N=n1xnz=nf= [‘%—]

= (55355
-2
= (%) x 1.1 x 105
(A7)

It should be cmphasized that these
represent maximum limit values which
appreciably exceed those which normally
would be used when other factors such
as the effects of symbol size and quanti-

ties on human information assimilation

rates are considered.

Appendix B: Determination of Over-
lap Probability of Randomly Placed
Symbols

A partial analytic solution to the prob-
lem of randomly placed symbols can be

obtained by considering a matrix having

M total symbol locations and which con.
tains N symbols located at random. The

mean value of the number of symbols

which overlap, i.e., are not uniquely lo-

cated, enables determination of the mean »
overlap percentage. Evaluation of the

‘distribution of this function is also re-
quired for a complete solution to the

nrahlom

To {ind the mean value of the ruaber
of overlaps, let D be the total nuiaber
of occupied matrix locations. The mean
number of overlaps P s then ,

P=N-D
. Y1
i

The probability that a given location
will not be chosen is
N
( M= 1%
, M)
and the probability that it will be chosen
once or more is S

M-1
1= ()
Therefore, the mean value of D, which
is the mean value of unique locations
chosen is

D =M [1 - (Ai_“_l__)
(B2)

From (B') and (B*) it follows that
the mean number of overlaps is

5= - (M-=1)xN]
P=N-M [ 1 ( M ) i
o {B3)

Numerical evaluation of (B3) directly

using realistic values is difficult. How-
-ever, the fact that -

(=517 o

. , (B4)
if'y >>x permits use of tables of natural

logarithms or Poisson distributions for
eevaluation if (B?®) is put in the form

Fexonin i) V]
=N—M"[l—- (1-%@—1 N]
| = N-M [l_é_N/l\/‘}

(35

The mean percentage’ of symbol over-
lap ¢ is thus

T = 100 [N - M [i_e— N/M} ,l
N : ]
= 100 [1_ AI\\I_/L (l—e;_N/M)]'

(B6)

which ‘has been evaluated and plotted
in Figure 5 of the text.

Evaluation of the overlap distribution
function leads to iterative expressions
which are impractical to evaluate except
by use of a computer. While this was

_ beyond the scope of the present investi-

gation, it is evident that further cffort in
this area would yield useful data.

The author would like to acknowledge the assist-
ance of Mr. David M Tawas 0. ab o B &
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Conclusions ‘

VWhalc the foregoing attempt at dis-
nmy categorization and classification is
ittedly mcomplete it does serve to
hasis from the usual desxgners
z0 one which regards a dis-
+ black box performing certain
¢ the desired functions

Geve esn determined and performance
5 15 ,wme(‘, vhen onhe can bagin
Lasie hardware. Please note
. “al renvesents the views
G r only, and in releasing it
.’u. sebiiostion the U.S. Naval ncsearch
s Coes not necessarily endorse

{.‘.\; COnNCILE.
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w5 Naval Research Lab.
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L e cquivalest number of line
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»son the raster. “owever if
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Jiam Win oc & Auu\, wiGve
. ocilie oo to hls intentions in ta Juure.
jonN Smaves, Z.d.
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High standards of quality in the ma-
terials, construction and design of
DIGISWITCH promote reliable, trouble-
free performance, long life and excel
lent appearance.

DIGISWITCH Thumbwhee! Switches are
available in six {6) different series
offering the engineer maximum design
. flexibility. Al are panel space savers
— modular constructed for simple, in-
expensive mounting—human engi-

100 GUALITY
neered to increase operator efficizncy
—and offer extensive coded electrical
outpui capabilifies.

Shown above (actuzl size), are Mil.-
SWITCH*— the smallest thurbwhec!
switch on the market, and the unique
rapid-setting 40-position Series 600
DIGISWITCH.

For a catalog on our complete line of
DIGISWITCH and MINISWITCE Series,
virite to: .
*Trademark
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ographic scientists—now deliver- Kell factor. Further discussion of this Cambridge, Mass.
Pﬂoboﬁimhw hard copy systems subject was mcluded on p'&ge 10 of the e P
hi noeleetiong——special v el I am very inter~. ! 'n an area of the
paper by Dr. Low o Tuantitative . . AT -
- 1raphically 3 - ) field in which i .ind 5o reference ccn-
oo, vesriove, and wtilize Leasures of u;.;,‘)lﬂg Uharacieristics . oo . £ e
g , hich 1 g tained in recent issues of your magazire.
ne (ot in any quantities. which just preceeded my paper in the AR : >
July/August 1965 issue of Informatzon This is in the requirements, theory
. H - Y . .
a ©voblems Are Not The Same y/aug and/or construction of display and status
-:eation may require speed, Display. boards posted manuall fror};x the rear
e b aras anua t rear.
as volame, another very high GrEnn E. WHITHAM 1 have SI:}en several in 1}), eration in mili
A s,xon, another economy., And, of Staff Engineer ¢ P —
se, many applications require all : tary installations but have never hiac the
’ Raytheon Company R
o more. I t -
'“c nora. mach requirement can Wayland. M forethought to look into the manufactur
¢ Ly a specifie photographic tech- i ) aylan ass. ing stage.
r eombination of techniqiies—
‘ chosen, properly combined, 1. R. D. Kell, A. V. Bedford, and' M. A. Could I impose upon your geod cffices
PECHONY upxmea—by & 3pectalist: Trainer, “An experimental television sys- to look among your advertisers anc con-
isms is unique in the tem-the transmitter”, Proc. I. R. E., Vol. tributors and to furnish me some con-
o) ; raphic data processing 22, pp 1246-1265; November 1937, " tacts with technical competence in this
ba i its copabilities mcIIude notlJusg, 2. A. V. Bedford, “Figure of merit for tele- -particular area. I will be very apprecia-
ons but a whole range of specialize vision performance”, R. M. A. Eng., Vol tive of any assi an render i
P i : . . . h assistance you can rencer in
j:Lc. . “.aeed, its specialty. may 3, pp. 5-7; November 1937. this search.

be integrating specialized ; R “
o5 in unusual photographic 3. H. A. Wheeler, A. V. Loughrcn, The

vab or efiicient handling of greater
zna greater guantities of transient

) L HeNrY D. BaTEY
fine structure of television images”, Proc. . :
Chicef, Graphics

I. R. E., Vol. 26, pp. 540-575; May 1938.

4. Ba dwm ‘Subjcchve Slnrpness of tele- United Aircraft Corp. Systems Center

‘ p—— vision lm'\ges", Proc. I. R, E., Vol. 38, - Farmington, Conn.

H Ao suY pp. 458-468, 1940,

e : : . ID readers who can contribute de-

! Mcctons row sy sggpreimy ; ; . , :
st crasatp P.S, The second sentence of the last sired information are urged to com-

CHODOING PURCH

m.mﬂ
i EXROSURT SHUTTER

! ——.

. RUPLEX MIARORS = | ‘ ’

paragraph on page 17 of my paper municate directly with the above cor-
should read, “Situation type data respondants — Ed.

displays usua]ly require a resolu-

tion of about 1000 to 2000 ele-

ments for adequate symbol resolu- SiD and Journal helpful
tion and differential position dis- Both the activities of the Society for
criminability,” Information Display ana t._le»a.uclx,b in
I L osen -~ B iy Information Display are of great inter-
S / 7 ToutR FusmsTATOR : est to me. Material presented in the
e /] ] - information requested ' Journal has contributed significantiy to
e rrorecriontens * . We have been doing a con51derable my knowledge and understanding Of
— e amount of work in the field of electro- data display technology.
1 moccsime sowica sy luminescent displays, and in the course - It is my responsibility to design and
“own hese s a dingram of Photo- of this work several product ideas have  implement the “Total Information Sys-
iss” DATASTAT II, a hard evolved in the area of nioving pointer tem”, culminating in display design in
tox that combines the son- and moving scale panel indicators. the following categories:
;“Ln}&a?eéioemﬁg;t%{irzlfgjli In order to determine the direction 1. Large Area Display
., Chances are your our product development work should 2. Small Area Display
. sroblem needs a similar take’ we are trying to collect as much 3. Desi Top Diqp].ly
L ol wechnic wes for an opti- information as possible on desirable char- The project in which I am engaged is
e ‘ | acteristics of p"mel indicators, user pref- designed to provide the company with
LT Eer your copy. of P OtO- i erences and requu‘ements and the poten- a system in the 1970’s shat will be suit-
; o .umcltenstxcs of 1 pho»o- . «al value of electroluminescent displays able to the environment at that tire.
iz daie .mdhug systems. in providing a useful product improve- Joun P. Tiompson
ment. Director of Data Processing
Any “information that you could sup- Hoffmann-La Roche, Inc.
R — ply which would be helpful in this in- - Nutlev. N.T

CF C0 e aw Diaan Llaadl

Declassified in Part Sanltlzed Copy Approved for Release 2012/04/23 : CIA- RDP78BO4770A001900020031 -7




a7.4v

Declassified in Part - Sanitized Copy Appro d fér Release 2012/04/23 : CIA-RDP78B04770A001900020031-7

L Y=Y F=)
;
. i STAND
j ;
' :
i I
i !
! SIT
*
+
!

SIT-STAND

The illustrations show recommendations
for angular mounting of visual displays such as
PPl-type CRT’s. These dimensions are only ap-
proximate, They do, however, represent usable
standards for about 90 per cent of the male
2-128 population.
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smand centers we find for the

Uie need to read cathode-ray
s, mrojection displays, and hard
under e same level of illumina-
Neither e illumination of thea-
tres wnor that of offices is suitable, the
one being too low for reading papers
aud the otuer ten high for reading dis-
RIS

CUTRY

A aiis > suows a method for com-
Tl vae dlamination at which both dis-
&G aard copy can be read with
case, or conversely for showing

Lie advasiage ziven one data source over
bv the use o a different level
Gl ik tion. Properties of displays
RN Jy necded in the computation
are given, and a sample computation
is pi‘CSCI}‘CCd. it is shown that the com-
waied vatue of illmmination is both satis-

factory and compatible with the recom-
" mendations of wae Hluminating Engineer-

ing Society. Means for avoiding eye strain
{(applicable to any level of
are restated.

LAV

OV e

d S
Ll uuig R

aad faunu e
fHumination)
if a command or management center

is to be successful, the human decision

maker must reccive all the assistance
from Lis data sources that the state of
the art permits, To this end the display
ecuipment, the nard copy, and the illu-
mination oaust all be matched to the
“\,\,uS of the user. There is much infor-
mudion on the size, shape, ete. of the

SYMinol s mm should be presented, a
grea information on the tech-
nicaes for producing and presenting the
symibols, but very little on the environ-
mment in which the displays should oper-
ate. This paper is an attempt to fill a
n.a;or part of this gap—the 111um1n’1txon
of the overating area. :

One may ask why this should be a
scrious question, since the subject of
dlumination has received so mmch at-
tention in the last fitty years. The rea-
son is that in command centers one finds
for the {irst time that seif luminous dis-
~>hys—mlhode ray tubces, electrolumines-
[Sehe Lunms, mojcctxo screcns, etc, —
¢ combined with relicetive displays —
-.m5, operaung plans, budg-
v, Cic.—with the require-
maont ot taey e used in close sequence.
Z:fcllows that the illumination must be

H \A\,ul oL

¥

-

;_f'\{ YRS

JEANY /
e ,
A/ J

at one time suitable for the electronic
displays and for the hard copy.

There is an extensive literature on the
illumination of rooms for self-luminous
displays, beginning with the data gath-
cred by the then Socicty of Motion Pic-
ture Engineers on the lighting of movie
theaters. This art was adapted during
the war for radar display rooms and other
weapons control centers, and extended
by use of narrow-band light to take ad-

vantage of a color diffcrence. The philos-
ophy of minimum illumination is still
scen in rooms where edge-lit, grease-pen-
cil plots are kept. With the advent of
brighter dlsphys there came a demand
that we “come up out of the caves” into
an office atmosphere.

1ES Recommeandations

The recommendations of the IES (II-
luminating Enginecring Society) “reflect

a consideration of many variables such

as visual data, . . . economic factors,
convenience, and availability.” On ex-
amination it is found that their visual
data are based on reflective materials —
the reading of papers, the performance
of shop tasks, ete. It has long been
known that when such tasks are difficult
because of poor form, extra fine lines,

low contrast, ete. a higher level of il--

lumination is helpful. It has been a
long time since electric illumination has
been expensive, and it is certainly con-
venient and available. One must con-
clude that there is no factor in the IES’s
considerations which exerts a strong in-
fluence . toward lower illumination, and
since they have no control over the qual-
ity of material in view, it is quite proper
that their recommendations be generous.

Obvicusly, in a command center a
compromise between these extremes is
required, and the compromise must be
pleasing to persons of high rank. With
due attention to the opposite cffect of
illumination on reflective and self lumin-
ous displays, a best illumination can be
achieved, and at the present state of the
art it will be a very satisfactory illumina-
tion if the conditions are met with rea-
sonable care,

Tae Data
It has long been known that the ease

of sceing is related to the illumination,

the size of the detail that must be seen,
and to the contrast of that detail to the
background; and various pairs of these
variables have been studied paramctrical-
ly until the rclations are well known.
During an eight year research (.15 of
1959) Dr. H. Richard Blackwell has re-
lated these four variables using the same
group of obscrvers. .

In these experiments the subjects faced
a hollow box which covered a wide field
of view and which was illuminated even-
ly with white light. Near a rcference

mark on the back wall there was a
translucent spot of white plastic which
appeared the same brightness as the
rest of the wall under the front illumina-
tion, but which could be back illumi-
nated to a higher level, ‘and the equip-
ment was so built that both brightnesses,
the size of the spot, and the duration
of its back illumination could be varied
over wide ranges.

The observers were thoroughly trained
in practice runs not included in the
data, to eliminate variation ascribable to
leamning. They sat before the box for
a sufficient time for their cyes to be-

come adapted to the light level to be

used; they were then told the limits of
a time interval in which the spot might,
or might not, have been back illuminated,
and were asked to decide whether or not
they had seen it.

Since the same color light was used
for the background and the spot, the
contrast could be computed using the
simple relation:

_ Bu—B,

L

(1)

C is the contrast
By is the highér of the two
brightnesses

is the lower of the two
brightnesses

where

and B,
Thxs expression for contrast has a value
which varies from zero to infinity, and
(unlike some) it has the advantage that
the zero value conforms to the condi-
tion which has no visible contrast.
Over 80,000 observations were made.
For each set of conditions the data were

INFORMATION DISPLAY, SEPT/OCY, 1944
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ceted for the known percentage
of lucky guesscs, then were fit to the
normal ogive so that the 50% point (the
point of maximun slope) could be de-
termined with accuraey. The curves were
&ien smoothed by the use of the known -
unetric. relat nntwecn pairs of
ablos, AU <+ . of this proc-

s v was found tnat an inuoduccd vari-
aidon as small as 2% would require an ob-
vious violation of one of the parametric
Ag..h'u.u).ls.

als work has been reported in various
sages of progress, references 1, 2, and
S the more 1mpov tent and carry-
g rererences to the others. The com-
o data, without some of the details
Low fhb)’ were gotten, are given in

31

<

A\..p‘\,.,&,u 3.

variables are covered, and because!
of tae care used in smoothing, it is felt
ihat the resuks constitute an unusu'lll)!
useiul statement of fact.

Jour

Lo extend these data to the conditiong
i requirements of practical seeing, Dr.
Slackwell uses the concept of field fac-
wrs by waich to multxplv the required
conirast. A factor to compensate for the

‘erence between skilled observers using
forced choice and the ordinary reader
fucing & new problem was determined
experimentally. Fuctors for off-axis view-
ing, for the lack of waming, and for the
-..quencv of presentation were deter-
mined experimentally. The latter three

vere checked with reasonable accuracy
Uy use of a task evaluator, an instru-
ment whcmuy a task and a test spot
could both be viewed under conditions
G: controlled contrast and that contrast
veduced to minimum visibility.

The development of the field factor
concept is described in reference 3. The
cverall mcuu, as determined by the

srocess described above, is in the range

00T 30 16 37.

VWhile the basic data are felt to be
,oyox*(i acubt, the value of the
aas been questioned, some

< Aupuh

d o too ow o level of illumination.
’Uie 'mmm L ura,xmuly used an over-
wil value of 40 in making up his hurnan

INCORMATICN DISPLAY, SEPT/OCT, 1964

Because all the data came /
e ey
-irom the same Dbasic source, because all

chat the proposed values

/

K

by A. C. STOCKER

performance curves; however, it will be:

shown later that the value of the field
factor has no bearing on the sclected
illumination so long as the same value is
used in the computations for both hard
copy and self-luminous displays.

The author has apphed a field fac-
tor (40) to th 7 - “rence 3 for
detail subtendisg wigie. i 5, 2, and 4
minutes of are, and for illuminations
between 0.1 and 100 footcandles and
has interpolated for easier use. The re-
sulting curves are given as Figures 1, 2,

and 3.

400~
/
70

E 50
304
33
u 20
s
0
7
10 5
3.3
.1' 2
A
| i |
5o
P
|+ -
S FIG. 1
3
HUMAN  PERFORMANCE
oc = |f

FIELD FACTORS - 40

RELATIVE  SPEED

1 T T
-1
LOG BRIGHTNESS FT=- ¢

Fig. 1 Humen performance when reading syme
bols with a stroke width [alpha) of one
minute of arc.

It must be stressed that the speeds
shown in Figures 1, 2, and 3 are not
reading speeds, but are the inverse of
the times when the spot was back
illuminated in the tests. The term “read-

. ing ease” was considered for a while, but

it is hard-to concewe of an ease .of 100
so the term “relative perception speed
was finally chosen.

The Selection of an
lilumination Level
It is obvious that both the self-lumi-

nous and the reflective displays must
be readable; lacking other indication it
will here be assumed that they should
be equally readable. The optimum’ illu-
mination Jevel is, then, that which gives
cach the same relative perception speed.
This may easily be found once the data
are put in the prop v form.

The preparation or cata for reflective
displays (hard copy) is simple.

The steps are these:

a) Determine the minimum size of
detail that must be easilv read-
able, compute the angle this will
subtend at the observer's eyes, and
select the curve with this value of
alpha.

Determine the coutrast of the ma-

the curve at this value.

Multiply selected values of illu-
mination by the reflectivity of the
paper to establish the background
brightness.

For each value of brightness, read
the relative perception speed.

The preparation of data for the self-
luminous type of display is a little more

d)

,complex. The steps are these:

a) Determine the minimum size of
detail that must be casily rcad-
able, compute the angle this will
mbtend at the observer’s eyes, and
select the curve for this’ valuc of
alpha.

Determine the excitation Dbright-
ness available at the seréen (that
supplied by either the electron
beam or the projector) and apply
factors for the gain and loss of the

b)

terial, and lay 'a straightedge across -

screen to achieve the visible bright- -

ness of the symbols.

Apply factors for the reflectivity of
the screen, attenuation of its supe
port, the effectiveness of hoods,
ete,, to selected values of ambient
illumination to determine the back-
ground brightness.

Compute the contrast from item
b) and ¢) above. (These computa-
tions are discussed at greater length
under Properties of Displays a
Hard Copy)

e) For each value of illumination, Iay

c)

d)
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o swaigniedwe across the curve at {

Cae resultant contrast, and at the TABLE 1
corresnonding vaiue of background . o
brighmess, read the relative per- PROPERTIES OF HARD COPY
L “’“.“P“‘d HEIGHT  STROKE
Yo determine the optimum value of Angle
Slaminadon, plot relative perception . CEL
specdd vs. illumination for both types of MATERIAL Mils Nils Mins  Color Refiect. Contrast
displavs, It is obvious that one will have Maps
« wesitive slope und one a negative; the Army Map Service, NK 18-11 ) !
woine where they cross is, then, the il- Paper white .65 :
Asnination at which the two types can Nomcs—lorgﬁ 128 2 gg black .07 8.3
be read with equal ease. ' Highwayssmc 4 9.5 rd8&blk high
sulavs Railroads 1.7 black _
T Creeks 1.2 blue T 55
- Contours : 1.2 tan fair
gn of a command cen- . Elevations : 52 1.7
cd, it Is necessary to Secnonol Air Chart, Winston Salem
have ot 'ie?.." an idea of the properties Paper Color wash to indicate ground altitude, Est. Avg. 50
of <he display matervials that will be Names _'ls?nrgﬁ c ]43 20 ?7 black d4
used thercin, This section will discuss Smallest print- - 40 2
R pr()')c"*ties of a representative sam- Highways 5.5 gray .3 Est. .6
,k m materials, and wnl discuss some Scale tics . .
of {0 i S;\,")\ Lot bon oo nken to assure Contours 2 fan e
- - ~Nautical Chart, H.O. 1290
i ug.,} ;lut_\,’. - Lo Poper . white 65 .
vl 3001/—11‘;& Copy will long con- Names—large 144 14 3.5 black 09 6.2 i
Unue to cary aarge and important por- small . . 40 10 2.5 i
ilon of the information needed in a SDmOfI}LeZLE?”ms _ 24 g }g
cominaad center. Yet the information that Sggndings our 0 9 1.2
‘s avaiiabic on the propertes of hard copy Geological Survey, Redmond, Washington
s very dhmited, The size of type, for Paper white 7
iastance, is the size of the block on which , Green overprint for wooded areas
ENR ¢ Names—large 120 15 3.7 black 6
che face is cut, not the size of the face small . 60 10 2.5
Zseil, and there are only very general Smallest print 45 7 1.7
satemenis on the reflectivity of papers Highways ’ 25 5.5 red&blk high
_osad i k5. TFor that reason a series of ' E?::Lfs ' dual g ]2'5 blue good
saeasurements was made, Contours 5 1.2 tan fair
I.. those measurements the symbol . .
el was taken as {he prependerant Office Material
veigne—ic the word was in lower case, ﬁsgfcgglgﬁ;ﬁgper , ZS
<hen the height of a lower case a, e, o, Yellow copy paper 5
21 or similar ietter was measured. Some Typewriter samples
Jetters  have o variable stroke width. Paper ) 7
Ilowever, experience has shown that the MGte g\EEII_ectr ic Hg gg E%Oct } 9 i 8
intelligence is carmvied in the heavier por- N\gkg 8 Pi‘ctg 114 25 biggk R
tions of the symbol; it is in fact possible Make B Pica—old ribbon ‘114 1.7 gray a5 3.7
to read material in which a faulty - re- Teletype printer
production process has eliminated the \F;\(lj'?}?rne bbon 105 s g;’gé/k ? 5
thin strokes completely. So when a vari- ! W Iiboo ‘ :
able stroke widti waz encountered, the w:m g}g ::EEE:: g’cﬁrom }r%defgj bIC.’Ck ]22 g
heavier portion of the stroke was meas- Computer Printer output -
ired. These data were taken with a moteg ' : 188 g gg E:GCE .?8 2.9
racasuring microscope. axe - . ac .
e determination of reflectivity pre- Make E 100 17 4.2 black 08 7.1
sented a problem because of the small As a basis for comparison—
area availuble in the symbol and the <New York Times . Ny
known ;cnumcy of the human eye to ?gﬁf' : . 55 2.5 black '?6 3.6
be iniluenced by the swroundings. A * Office Copiers . ' ’ .
series of paper chips vmymg from white Make F (translucent material)
to black were gotten o) selecting from Paper—on dark desk .45
paper stocks where that was possible, Print . 1228
o, Paper—on white paper .65
and by dyeing to fill the gaps. These Print 12 4.4
unm were piaced in a diffuse white il- Make G (opaque mofenal)
lumination wensured with a ‘Weston I- JPaper .65 ~
laminomeicr, their brighiness was meas- Print 10 5.5
wred with a Spectra Spot  Brightness Per;ta‘lp paper 65
Slews, and thelr reflectivity was come Mechanical pencil, .032” lead, HB 20 5 black 2 3.3
o These cuips covid then be com- %E ?cwlly jhﬁrpened %95 %; blac 25 2.3
w.ceh Giresidy w the paper of a display. airly du .
Tho -wgcuv‘y of sy._‘bols was detei"- gg‘m’w shcrpened : - lg %07 black 1243
siincd Dy pucing a chip partially across .

INFORMATION DISPLAY, SEPT/OCT, 1764,
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of vpe and examining the type
e edge of the chip through a low
sor maicrescope, the microscope magni-
) \.1<, point where a good
corapadison could be made. Some mate-
5, pencil as an example, had to be
mewsared under aiffuse light to prevent
relicction.
dai gaibered in thesc tests are
aiven fn Table 1. Special attention is
nvited w0 the data on office copying
1 veneil copy, and typewriter
wad cutput. It will be noted
{hat did contrast can be raised mate-
rialiy, and in some cases the widih of
the siroke increased by a significant fac-
Lnr, by e proper selection of equipment
aud materials and the use of fresh rib-
bons. One must conclude that the leg-
ibitity of the hard copy is to that ex-
tont o Junction of the interest shown by
{iie members of che staft,
.,\/, -Luminous Dispk u/s—-SeIf -luminous
iwvs—cathode ray tubes and projec-
screens—must combat the ambient
wvdnation, so much of this section will
ave o do with means for maintaining
zooi contrast, The light in the symbol,
tae Light that carries the useful informa-
tion, cores from either an electron beam
or a ; we will consider cathode
rav i
Tater than get into a discussion of
vroducts, au‘thor will here assume

the hood factor can be changed from
0.5 to 0.25 by this mecans.

After these steps, the direct ambient
light will be reduced to the point where
the light reflected from the equipment,
from white shirts, etc.,, becomes im-
portant. Such sccondary sources can be
objectionable when they are specularly
reflected from the tube face and appear
as unwanted images superposed on the
data. Glossy finishes should not be used
on cquipment, furniture, ete.; a medium
gray mat surface is much less objection-
able. Such light as remains can be ren-
dered innocuous by etching the tube face
to a fine mat surface. This is not truly
anon-reflecting coating—it merely spreads
the reflection over such a large area
that the brightness is reduced and the
shape of the source obscured. It is,
however, a verv effective step.
Circular polarizer use

A circular polarizer can be used for
the functions of the filter glass and the
mat first surface, either for better per-
formance or when the desired propor-
ties cannot be had in the available tube.

‘i.‘_; Gl ;~'1\

spelainr

[
a il

0S,

PPN
1

'\(:m‘*\'pc

has bright specular reflection from its

_as a plane surface, and the range of in-
cident angles that gives objectionable
reflections from a plane surface is much
less than the range that gives reflections
from a spherical surface.

tiie

\b‘.LL
n t'no state of the cut using cxystalhne
pacsphors. The reflectivity of the phos-
phor is assumed to be §5%, highly diffu-
sive. The problem, then, is to achieve
as good contrast as is possible with this
device. .

The first step to consider is the use
-of a gray glass for the face plate of the
It is true that such qlass reduces
he brightness of the symbols by the
ssion (filter factor) of the glass.
But the ambient illumination must pass
through the glass twice, so the contrast
is. increased by the inverse of the filter
factor. This can be a significant amount;
RCA lists face plates with filter factors
in two groups, one near 0.75 and one
near 0.4.

The next step is the use of a cap-bill
hood to keep as much as possible of the
ambient ilumination from falling on the
screen. 1 'opcrly designed, such a hood
can easily have a factor of 0.5 without
¢ the viewing angle.

ke clectiveness of a hood may be

Cacrea scd oy iimiting the angles at which
the 3 roaches the equipment, as
can done by hanging properly de-
ned nonbycomb g':atings below the

The lgat can still come
or portion of the ceiling, so
use (or indirect); it is mere-
ly Iimiied to those angles which will not
ot uncer the hood. It is believed that

port, of a hood, of directive room light,
and (in some types) of a mat front
-surface on the screen. In addition, they
can take advantage of directivity.
Directive screens reflect (or transmit)

in other directions.
said to have “gain”, this being the ratio
of the brightuess in the preferred direc-
tion to the brightness of a highly diffu-
sive screen subject to the same illumina-
tion. Values between 2 and 10 are com-
mon. If the viewers can be located along
the preferred axis, the brightness of the
data symbols will be increased while that
from light sources not near the projector
will be deereased, and an increase in con-

~ trast will result. This cffect reaches its
peak In rear projection screens, where
.the steps which decrease the diffusion
of the projected light also decrease the
reflectivity to ambient light, and where
it is possible to take advantage of a filter-
ing support material.

However, a fundamental characteris-
tic of gain is its sensitivity to changes in
angle. Assuming the plane of the screcn
is correct for the location of the pro-
jector and the center of the audience,
there will still be a change in brightness
due to looking at different portions of the
screen or to the viewer’s moving about
the room. If this change is to be held
within acceptable bounds,

ot

ransn
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It is not a complete cure, for it itsclf’

front surface. However, it may be used.

Projection displays can also take ad-
vantage of absorption in the screen sup- .

more light in a preferred direction than
They therefore are

_In the

then direc-

tivity must be used with care.
The quantitative relations follow, all
based on the fundamental relations that:

c =SB (1)
. By
B =1I1R (2)
LP
L =—~ (3)
For hard copy:
Bu = Iz\ Rn
B, = I, Ry
substituting in (1)
_ Ry—Ty (4)
C T

For both cathode-ray tubes and pro-

jection screens the brightness of the sym-
bol is the sum o) iiui produced by the
intended excitation and that of the back-
ground as pxoduced by stray electrons or
the transmission of “opaque” parts of the
film.
For cathode-ray tubes:
BI{ - Bph T + BL
B, =LR, T+ 3T -
substituting in (1)
C — Bph
LR, T A By
For front projection:

L,
By = Ai G - By,

B, =38,+B,G

Here B, is the sum of the brightnesses
due to the individual room illuminants,
each with the value of gain required by
its angles. This is so complex that the
value is usually determined by measure-
ments on a mockup or on the final as-
sembly.

substituting in (1)

L,
C=Xm. 8.0
For rear_projection, with the diffusing

layer on the projector side of the screen:
BH ==

B, =B, 4+ B, GT
B, =1, R, T?

A single expression for B, is made pos-
sible here by the small difference in
reflectivity for the angles of the differ-
ent room illuminants.

substituting in (1)

C=

above:

Arca of the projection screen,
in square fect.

Brightness, in foot-lamberts.
Brightness due to the ambient
illumination.

The higher of two brightnesses.
The lower of two brightnesses.
Brightness of a phosphor due

—
A(LR,T + B,G)

o
[

h=]
t-2

‘wms =

L-4]

¥y
Y
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o electron impact or other ex-
citadon,

Urigianess due to unintentional
exeitation, as by stray clectrons
or transmission through the
arcas of the film.

I

“onague”
Countrast
The gain of a projection screen
for the incident and reflected
angles involved. Note — com-
mercial - values for G usually
mclude the reflectivity, so it
is not stated separately.

An illumination, in footcandles.
e ambilent ! Jlummqtlon

i projected illumination.
The light flux delivered to the
sereen by the projector, in Lu-
mens.

The reflectivity,

The xuiecuvuy of the paper.

il

(SRS

oA

1l H Il

Th

The rel'2ctivity of the ink.

The soudecilvity of the phos-
7u01

i, = The reflectivity of the projec-

tion screen.

The transmission (filter factor)

of the screen support where

tie support is Dbetwcen the

screen and the observer,

S O A S .
i b aadeiived

Il I H I

3
-

representative of the materials that might
be found in a military command center.
1004

FiG 2

HUMAN  PERFORMANCE

30+

i,
SPEED

A

"CONTRAST

© RELATIVE

[
A

oc = D’

FIELD FACTORS - 40

-
LOG ° BRIGHTNESS ! FT - o 2

Fig. 2 Human performance when reading sym-
bels with a stroke width (alpha) of two
minutes of are.

The results of the computation are given

in Table 2 and plotted in Figure 4.
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FiG 3
HUMAN PERFORMANCE
oc = 4"

FIELD FACTORS — 40

CONTRAST

SPEED

RELATIVE

LoG ©  BrIGHTNESS | FT-t 2

Fig. 3 Human parformance when reading sym-
bols with a stroke width {aipha} of four

minules of arc.

70,
Fit. s
EFFECT or lLLUMINATlO"I

PERCEPTION SPELED

in order to demonsirate the process For the display, a cathode ray tube " . e o P /
and to get a feeling for the level of was chosen and assumed to have a phos- w3 ‘:?"" > "
Liumination the process will indicate, a phor with a brightness of 50 foot-lam- NE s A —
sample caleuiation was carried through berts and a reﬂectivity of 0.85. Filter g / BT e -~
using the nearest value of alpha for which  factors of 0.4 or 0.75 were used, alpha 2 // o e //
- there \ws a curve available (Figures 1, was taken as 27 or 4/, and the hood fac- N //'"j: T
2, and 3.} tor was taken as 0.5 or 0.25. These con- /é,{,,/ui‘ﬁ o

Tor hard copy, an Army Map Service
wep, two  typewriters with different
weight of type face, a teletype machine,
and & mechanical pencil were taken as

- ditions can also be met in a projection
display if the screen size is properly bal-

anced to the available projected light.

The results of the calculation are given

- o
ILLUMINATION FT-CakOLE

Fi’g. 4 The effect of illumination on human
perception speed when reading hard

i

'@a&,f A

?}1

if
5\ Lﬂ‘liﬁ“’ Lt

TABLE 2 \ i ot
. J s Nk A a b Nﬂw &
READABILITY OF HARD COPY N { IR f
,_ﬁ} . ’f ; _fx)»’\
: Typewriter Typewriter ' . ot Pencil
L e AMS Map Make A Make B ’ TeI{ngG HB 032" lead
" Paper Redl. 65 7 7 /’&N\ﬂ% 6 7
Conrrast 8.3 6 6 5 3.3
© Min, Alpha Mins, 2 4 ' 2 4 - 4
Hlumination , -
¢ fr-candle B Speed*” B .. Speed* B Speed* B Speed* B Speed*
i 1 .65 2.7 7 145 » V4 X 10.5 7 6.2
‘ 2 1.3 5.8 1.4 22 1.4 3.2 1.2 16 1.4 10
{ 4 2.6 8.3 2.8 35 2.8 5.5 2.4 25 2.8 14.8
3 5.2 13 5.6 45 5.6 7.7 4.8 35 5.6 21
12 7.8 16.5 8.4 55 8.4 9.7 7.2 42 8.4 26
20 13 21 14 63 14 13 12 48 - 14 33.3
40 26 28 28 75 28 17 24 62 28 40
O T 52 35 56 90 56 23 48 73 56 47
100 85 38 .70 96 70 25 60 80 70 50
¥Soo 1ot for meaning,
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“iis Gavlies a larger symbol
wiion in the number of svm-
can be presented on a given
The specification writer is
wed wii o corapromise, which he must
ke with the kaowledge that the sclec-
aon of a too-small symbo! will impose
a menalty in e fn[)mtv, and that this pen-
aity will have to be paid day after day
E)y the conimander and his staff.
The display plotted in carve “B” of
Figure 3 and the Army map were then
Cselected as representing the displavs that
might be considered the critical pair in
some fictitious command center, and their
curves were renlotted in Figure 6. It is
obvious that their crossing point speci-
fies the illumination at which the critical

roy
FOH CURVE IDERETICS
SLL Tamig ¥
w
€ A

w o

AToNCTeen.

BLLATAE SPLES

30

rey
EFFECT of WLLLMINATION
on
PLRCZPTION SPEED
DiLPLAYS

0
LUK ATION FY-CanatE

of illumination on human
spucd  whea reading  selfs
Wivanous displays,

hard copy and the critical display can
read with equal ease.

It shoula be stated again that the
speed scale is not the reading speed,
but merely a way of achieving compari-
son,

Several things can be learmed from
Figure 6. For one, it is possible that
either class of display can be improved.
The brightness of the cathode ray tube
may be Increased or the suppression of
the ambient illuraination improved; the
map may be printed on better paper,
or its contrast may be -increased by a
change of ink. The interesting point is
that any improvement will raise the
curve for that dxxplay, and if the value
of illumination is adjusted to suit, the
ease of reading of both displays will be
improved.

Second, it must be recognized that it
will sometimes not be possible, or per-
haps desirable, to use the value of illu-
mination that the computation calls for.

£10.'%
SELECTION OF
ILLUM INATION  LEVEL

REATIVE  SPEED

¢ 3 SLLUNINATION 0 FT-CaNOLE d o0
.Fig. 6 The sclection of an optimum iillumina«
tion for reading both hard copy and
self-fjuminous dispiays is accomplished
whan the relative perception speeds are

equal,

On such an occasion the plot offers

numerical indication of the advantage ./

given one type of display and the pen~
alty imposed on the other by the requlr d
level of illumination.

And third, the small crosses marked
25 and 60 represent the crossing poinis
of two other sets of curves for the
same displays but based on humun per-
formance curves in which the field lie-
tors were taken as 25 and 60, The three
crossings indicate the same value of illu-
mination to within the accuracy with
which the performance curves can bLe
read and their plot smoothed; it must bLe
concluded that the value of the field
factor hus no bearing on the computed
value of illumination so long as the sune
factor is used in the computations for
both  self-luminous displays and  hurd
copy.

Suitahility of the
Compatad Hiumination

Since the computed level of illumina-
tion is markedly lower than the general
recommendations of the Hluminating En-
gineering Society for offices, it is proper
to question whether or not it is suit-
able. This must be asked in two parts
—is it sufficient? and is it pleasing?

Many years ago a number of observ-
ers were given control of the illumina-
tion and were asked to {ind the value .
that was best for reading the Saturday

~ Evening Post. The reported values fol-

low:®

Available value of illu-
mination, foot candles 10 30 45
hosen V'1lue 5 12 18
e very human tendency to choose
middle value is apparent, and it niust
ﬁe remembered that the observers were
accustomed to a lower level of lllumma-

: TABLE 3 (
READABILITY OF DISPLAYS zQJAA)wM«*M —ém& /YWV'"’ A
, i éﬁ»{]

. Phosphor — Brightness, 50 fi-L; Reflectivity, 859, ' kﬁ ‘{ A "‘ H & ! i»_ i; # o
¢ Filter Factor 0.4 0.4 0.4 l 0.75 0.75
{ Symbol B ft-L 20 20 3 20 37.5 37.5
. Alpha Minutes 4 2 : 2 2 2
rioad Factor 5 .5 25 5 .25
: Backgd. Backgd. Backgd. Backgd, Backgd.
i liumination. B B . B B B
fr-candle  fi-L C Speed® ft-L C  Speed*  fr-L C Speed*  ft-L C Speed*  ft.L C Speed* |
060 294 068 294 034 0.239 156 0.119 315 !
2 0.136 147 0.136 147 068 294 0.478 785 51 0.239 156
4 0.272 736 101 0272 73.6 33 0.136 147 0.956 39.2 36 0.478 785 51
: 8 0.544 36.8 87 0.544 368 25 0272 73.6 33 1.91 19.6 27 0.956 39.2 36

12 0.816 245 76 0.816 245 195 0.4_08 49 28 2.87 .13 19 1.44 26 31 :

20 1.36 14.7 60 1.36 147 13.5 0.68 294 23 478 7.85 12 2.39 157 23 |

40 272 7.36 42 272 7.36 7.9 1.36 147 13.5 956 3.92 4.8 478 7.8512

20 5.44 3.68 25 5.44. 3.68 3.1 2.72 7.36 7.9 19.1 1.96 9.56 3.92 438 ;

105 6.8 294 195 4.8 294 1.6 3.4 589 6.2 23.9 1.57 11.9 3.15 3.3
Curve in é

. figure 3 A = B C D E
é ~ide tonr for meaaing.

DecIaSS|f|ed in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031- 7



-

4 taan are we todav, owever, it s
dsaapparent that there Is no pressing

Luman need for hizh levels when the

conrast is good. :

And in their work on the utility of
enlored  Hhamuainants, Feree and  Rand?
wsied the eves of their observers both
Lerore and after reading for three hours
f: Table 3 and plotted in Figure 3.

“he  difference between curve “A”
{four minutes of are) and the other
curves  (two minutes) s notable. One
s tempted to say that a stroke width
oi fonr minutes should always be used.

with a colored illumination of only 0.3

J-candle. There was a measurable loss,
but the significant fact is that it was
nossible to read for that time with an
andesivable light and at such a low level.

e must conclude, then, that the com-
suted level of illumination is above the
ainimum by a factor of at least forty,
2t it 1s in a vange that has been
sciccied as o num in tests where the
Shserver could control the level of illu-

+1

andad 1

WIBLGI.

Iz iy clear from tae above data that
the computed level of illumination is
suificient, but that does not assure that
it .will be pleasing. The reason why it
may be one and not the other is- that
& wve does not see illumination—it sees
;..mcas of the work and its sur-

e sources of illumination should be
distributed, but not evenly distributed.
Completely  diffuse illumination creates
& somnolent atmosphere, while the in-
clusion of some concentration points
Lelps seeing through the formation of

the shadows by which form is perceived,
And of course no light source whose
brighuness is materially higher than that
of the walls should be ‘within the field
of views of the operating people.

The ratio of brightnesses within the
feld of view should be low. This effect
is most easily achieved by using the same
finish for similar objects and keeping the
{dluminati foin reasonably even. Such vari-

ation in Drightness as exists should follow
as, closely as possible the rule that the
ceiling be brightest, the walls next bright,
the furniture and equipment next, and
the floors least bright, but not dark. The
i3S recommends that the reflectivities
he walls, 0.5; furniture and equipment,
0.33, and floors, 0.3, It should be noted
that hard copy, with a paper reflectivity
uear 0.7 and ink reflectivity near 0.1,
will huve good contrast within itself with-
wat cither the paper or the ink heing
markedly different from its surroundings.

VWil mrojection sereens present a prob-
Lecause the symbol brightness is
and it is necessary to achieve the
contrast by keeping the back-
sounG dark. Hence, the screen must
Lo carcially screened from  all - room

e

S

lights. However, the arca immediately
around the screen must be as bright as
the rest of the wall. This surrounding
arca can be illuminated by highly direc-

tive lights, it can be back lighted, it can -

be sct bacl\ of the sereen and illuminated
by lights behind the screen, it can be
made {luorescent and excited by -ultra-
violet light, ete. When done pmpcrlv
the symbols will be brighter than the
walls and the background darker; the
presence of the walls will make the
screen appear to have a greater contrast
than it actaally has, and at the same
time will maintain the balance of bright-
ness with the rest of the room.

A clear ‘and public example of the
cffectivencss of balanced brightness is
available in the two reading rooms of
the Congressional Library in Washington.
The old reading room in the main build-
ing is cquipped with dark fwrniture. At
night the walls are relatively dark, and
the darkness of the ceiling is rclieved
only by an illuminated painting. Lights
over the desks illuminate only the writ-
ing surface. In the day the walls are
much brighter, but the windows to the
south and the spots of sunlight to the
north make severe glare spots. Study in
this room is very tiring, eye strain sct-
ting in after an hour or two. The reading
room in the Annex is illuminated with
artificial sources only, using desk lights
similar to those in the old room plus in-
direct illumination. The ceiling is the
brightest part of the room, the walls
are next bright, and the fumiture is
relatively light. There are no glare spots.
One can study for hours in this foom
without fatigue. The comparison is strik-
ing proof of the desirability of a low
ratio of brightnesses: it is even more
striking when one realizes that the illu-
mination on the writing surfaces in the
two rooms is the same.

It is clear, then, that the process out-
lined in this paper provides equal ease
of reading for both hard copy and dis-
plays, that the resultant illumination is
entirely adequate, and that it can be
made pleasing. There remains only the
problem of those officers who normally
work in brightly lit offices and who must
move to the command center on the oc-
casion of an alert. Luckily the computed
llumination for the command center is
less than that to be expected in offices
by a factor of only three to six. It is
felt that a smooth transition can be made
possible by sctting the illumination of
the intervening halls and anteroom at a
value intermediate between those of the
offices and the command center.

As in most system studies, this work
shows that much can be done by a num-
ber of small steps taken together. It
must be noted that one of these steps,

" that of providing a limited range of

brightnesses, has long been known but

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031-7

has frequently been overlooked.

There is no casy way to compute the
effcetiveness of hoods, means for direct-
ing the illumination, cte. One solution
is to make the display contractor respon-
sible for the entire installation and to
provide time and funds for cither a
mackup or extensive tests in Jocation. An
approach that would save the cost of
repeated mockups is for the Government
to make the tests, to provide a suitable
room, to specify the design of the hoods,
and to rclicve the contractor {rom re-
sponsibility for the contrast.

Conclusions ¢ L
a) The deseribed process veadily gives

" the illumination level at which hard copy

and sclf-luminous displays are equally

readable, or gives a quantitative state-

ment of the advantage given one data

source over the other when a (Mfucnt il-

lumination level i used.

1) The current art for cathode-ray dis-
plavs permits an adequate level of illu-
mination if known techniques for main-
taining coutrast are used. The same is
true for projection displays if the screen
area is reasonable.

¢) This level of illumination will be
pleasing if the color of the ceiling, walls,
furniture, equipment, and floors, and
the distribution of illumination gives.a
small range of brightness with a proper
distribution of brightness.

d) The values for the contrast of hard
copy given herein should be re-examined.
If the listed values are low, then correct

values will permit a new selection of il-

Iumination with which both the hard
copy and the displays can be read more
casily. If the listed values are correct,
then similar values can be used in future
display specifications with a financial sav-
ing for the customer.®

REFERENCES

1. Blackwell, H. Richard “Use of Perform-
ance Data to Specify Quantity and Qual-
ity of Interior Illmnination.” Illuminating
Enginecering June 1955, p. 28G-299,

2. Blackwell, H. Richard and McCready,
Donald W. Jr. Foveal Contrast Thresh-
olds for Various Durations of Single
Pulscs Prepared Juune 1958 for BuShips,

U.5. Navy, undcr contract Nobs-72038.
Copies available from -Institute for Re«
_ search in Vision, The Ohio State Univer-
sity Research Center, 1314 Kinnear Road,
Columbus 12, Ohio.

3. Blackwell, H. Richard “Development
and Use of a Quantitative Method for the
Speeification of Interior Iumination Lev-
cls on the Basis of Performance Data.”
Hluminating Engincering June 1959, p.
317-352.

4, 1IES Handbook, 3rd Edition, 1959.

5. “Recommendations for Quahtv and Quan-
tity of Illumination.” Report No. 1, LE.S.
Committec on Recommendations, Il
minating Engineering, August, 1958, p.
423.

6. “Valie of Iigher Intensities of Iumina-

©ton.” Jour, Amer. Institute of ]'Jlectricul

Engineering 41:499, July, 1()

7. Ferce, C. E. and Rand, G. lenlty of
Objects as Alfected by Color and Com-
posion of Light” Personnel Journal
10:108-124 (July, 1931).

INFORMATION DISPLAY, SEPT/OCT. 1944

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 CIA-RDP78B04770A001900020031-7



=

" Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP78B04770A001900020031-7 -

s i s bt Mot

instrument punel layout - - ' , 6
iqst*nrent priority and position

INSTRUMENT PRIORITY, POSITION, VIEWING ‘\A;yguz,‘“._J\fpmp;_gxmggm

.‘<::::j5;:;;;m Position: In general, the optimum locatIOﬂ for instruments. is_ dlr;::Iz::::>

}aaapre the operator from eye level to about 30° below ¢ eye " Yevel. (e3vi- 4y

or other Vehicle operators, the optimum location 15 just bel&¥ the windshield. e .
The most important and frequently used instruments should be placed in this : R -
most favorable area. Instruments used for controlling direction (such as :
aircraft headlng indicators) are preferably located directly ahead of the

- .operator. If there are two or more such direction 1nstruments they are pre—
ferably arranged along a vertical line,

e s TR T RN

Viewing Angle: The most favorable angle for v1ew1ng instruments is perpendicular

to the dial faces. Extremely oblique viewing angles should be av01ded by angling
. the ends, bottom or top of large panels. Viewing angles up to 45° are considered
. _ o

i ey iy e IS

b e P A  e  Y VAT

et e

“satisfactory, provided needed lnformatlon on the dlal is not obscured by the
bezel, lighting shield, or other obstruction, ard 1f some loss of readlng pre=
cision due to parallax can be tolerated.

Viewing Distance: Viewing dzstance for: 1nstrumcnt panels need be limited only
. if the operator is required to manipulate knobs or switches on the panel from
' 'his normal seated position. This:distance is normally fixed at 28. inches from

. the eyes for vertical panels. The instrument size must be increased propor—

tionally for longer viewing dlstances.

L g e e S N Y ik SR

et e

oy es

Horizontal and Vertical Separation: " The difficulty of shifting between . {
instruments increases with separatlonldlstance. Vertical eye movements are :
more difficult than horizontal shifts in fixaticn. Distance between instruments

. should be minimized. Horizontal separations are preferred to-vertical separa-
* tions., (Fitts and Slmon, 19s2. )

o PSR RN S

o %Vf)""ﬂ ‘ 7% V/fﬂ?///‘f"fﬁk 7(/0“'( &(é _ 5
TrnboriaTiont Bk g Gt w0
WADC TR 54-160 o o ':_‘; :'. S D .
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